WETAL INDUSTRY 








For over 3,000 years this 
statue of Amenophis Ill 

has stood in Egypt 

nobly passing the 

“Test of Time” 

We could not compare our 
products with this 

wonderful monument, 

but they, too, have withstood 
the “ Test of Time '’—proving 
the value of combining 

sound technical knowledge 
with practical experience 

and fullest co-operation with 
users 


REGD. TRADE MARK 


BATCHELOR ROBINSON & CO. LTD 


MANUFACTURERS OF THE WELL KNOWN ‘GREYHOUND’ SOLDERS IN ALL GRADES AND ALL FORMS 
‘ACTIFLUX’ ACTIVATED RESIN FLUX FOR SOFT SOLDERING e ‘R B.W’ BRAND TIN IN BAR AND INGOT 


Telephone VICTORIA 2291/2 19, BORDESLEY PARK ROAD, BIRMINGHAM, 10 Grams STANNUM, BIRMINGHAM 
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prizewinner in 1909 


In 1909 Elektron Magnesium Alloys 

were introduced to the world at an 
international exhibition in Germany and 
were awarded the First Prize 


in a competition for light metals. 


LEKT RO 


still the world’s lightest structural metal in 1959 


The past 50 years have more than justified this initial success of 
Elektron. Today the latest Elektron alloys, developed by MEL to meet 
the exacting requirements of industries as diverse as aircraft and 
textiles, motor transport and nuclear engineering, are still the finest 
magnesium alloys available anywhere in the world. 


In this Golden Jubilee year of Elektron, MEL are proud of the 

part they have played in pioneering the use of magnesium in 

Great Britain. As sole producers of the metal, with unique research, 
development, prototype and fabrication facilities, MEL 

enterprise and technological skill will continue to make available 
to all industries the advantages of magnesium—the world’s 

lightest structural metal. 


Magnesium Elektron Limited 


Clifton Junction Manchester Tel: Swinton 2511 
London Office: 5 Charles II Street St. James’s SW1 Tel: TRA'1646 
Magnesium Elektron, Inc. New York 20 USA 
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CHEMICO GAS SCRUBBERS 


PEASE ANTHONY VENTURI: PEASE ANTHONY CYCLONIC -S-F VENTURI 





These versatile scrubbers have been installed in many plants | 
throughout the world for the eliminating of atmospheric | 
pollution, cleaning process gases and the recovering of valuable 
materials from gas streams by the wet scrubbing process. 


Write for illustrated Technical Bulletin No. 459 








©GHEMICO 


CHEMICAL CONSTRUCTION (G.B.) LTD., 9, HENRIETTA PLACE, LONDON. W.I Langham 6571 
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MONOMETER MANUFACTURING CO. LTD. 


Savoy House, 115-116 Strand, London W.C.2. Telephone: Temple Bar 9025 











Metal Industry, 4 December 1959 


SPECIALISTS IN THE SUPPLY & MANUFACTURE OF ALLOYS SINCE 1869 


Manufacturers of Alloys of:- 


TITANIUM 
SILICON - BORON 
MANGANESE 
IRON - NICKEL 
COPPER - COBALT 


etc. 


FERRO ALLOYS 
NON-FERROUS 
ALLOYS : RARE 
METALS 

Suppliers and Consumers of 
Columbite -  Tantalite 


Tungsten . Tungsten- 
Manganese and all ores 


Write for details of your particular requirements NOW to:- DEPT. 13 


BLACKWELLS METALLURGICAL WORKS LTD. 


THERMETAL HOUSE 
Phone: Garston 980 


GARSTON . LIVERPOOL 19 


Grams: ‘Blackwell’, Liverpool 





MAN 
AND 


MACHINES 


Turning from agriculture, which today 
is inadequate alone for a sound 
economy, man perforce has to become 
a manufacturer of goods. There isa 
limit to the skill and the capacity of any 
one man’s hands and a limit to the 
number of men in any nation who are 
capable of skilled work. 

Man and machine are therefore a 
necessary complement today. 

For 50 years, Robertsons have been 
making high quality, precision 
machinery for reducing steel, aluminium 
and other metals into sheets, strips, 
tubes and wires. Inherent and acquired 
skill, exhaustive research and 
progressive thinking have all combined 
to produce machines designed to 

work metals for man to turn into 

goods for his fellow men. 
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TANDEM 
WIRE FLATTENING 
MILLS 


The illustration at left shows a Tandem 
Wire Flattening Mill, with roughing 
rolls 10 in. diameter, finishing rolls 8 in. 
diameter and edging rolls 6 in. diameter. 
The mill is designed for speeds up to 
800 ft/minute dependent on requirements. 


~~) ROBERLSOW 


® W. H. A. ROBERTSON & CO. LTD., BEDFORD, ENGLAND 


LICENSEES FOR THE BUILDING OF SENDZIMIR COLD REDUCTION MILLS AND PLANETARY HOT MILLS, HALLDEN 
GUILLOTINE AND ROTARY FLYING SHEAR MACHINES AND TORRINGTON METAL WORKING MACHINERY. W.T.304 
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M.L.A. Faudi—The Robust Filter 


Specially designed for use in the plating shop 


Extremely sturdy construction 


All models have self priming pumps and are driven by a totally-enclosed 
3- phase motor with starter 


Available as portable or stationary units 


Type A suitable for all solutions except chromium; Type B for alkaline 
solutions only 


Dismantling, cleaning and reassembling is easy and foolproof 


Horizontally arranged plastic filter plates with cotton twill or nylon filter cloths 
are used, and there is ample capacity for carbon filtration 


Extra large filter area 


M. L. ALKAN LIMITED 
STONEFIELD WAY : VICTORIA RD - RUISLIP - MIDDLESEX 


i dalela RUISL 


Offices in BIRMINGHAM - BRISTOL & BURNLEY 


) (4 ALKANODE, RUISLIP, MIDDLE 





INDUCTION MELTING 
FURNACES 





G.W.B. 

FOR ALL THAT IS BEST 

IN ELECTRIC MELTING AND 
SMELTING FURNACES 


GWB, G.W.B. FURNACES LIMITED 
P.O. BOX 4. DIBDALE WORKS - DUDLEY - WORCS Telephone: Dudley 55455 


Associated with Gibbons Bros. Ltd. & Wiid-Barfield Electric Furnaces Led. 
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The melting of copper and copper 

alloys, zinc and light metals by the electric 
induction method could well solve 

your melting problems. 

Now, with access to the proved 

designs of Demag Induction Melting Plant 
and the very wide experience of 

the Demag organisation, G.W.B. are 

in a position to offer unbiased 

advice on the choice of the most suitable 
furnace for your particular 

charge characteristics, output requirements 
and operational needs. 

The experience of G.W.B. places 

them in the unique position to assess 
whether your requirements demand the 
Crucible or Channel Type, and 

whether a Mains or Medium frequency 
unit will give the best service. This 

advice is without obligation. 


Gwe LD3 
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Conforming to B.S. 1827: 1952 


The Thermo-electric properties of the Nickel-Chromium/ 
Nickel-Aluminium Alloys ‘‘Ni-Cr(Plus)’’ and ‘‘Ni-Al 
(Minus)”’, are in strict conformity with those stated in 
the American National Bureau of Standards Circular 
561, and British Standard Institution Reference Tables 
for Thermocouples, B.S. 1827:1952. 


Com . 


> 


= 


For Compensating Cables and Extension Leads in Civil 
and Military Aircraft, ‘‘Ni-Cr(Plus)’’/‘‘Ni-Al(Minus)” 
Wires have Ministry of Supply (Air) type approval, for 
Cables manufactured to Specifications EL. 1705 and 1632. 


LOW TEMPERATURE THERMOCOUPLE WIRES:— 


CONSTANTAN v PURE IRON 
CONSTANTAN v H.C. COPPER 


7s ae 





SAR 





‘We manufacture a special quality of Thermocouple iron 
and are able to supply matched wires in the Iron v 
Constantan combination to meet customers’ varied 
Thermal-EMF requirements. Furthermore, and of 
infinitely greater importance, we are able to guarantee 
the reproducibility of those thermo-electric properties. 


When ordering Compensating Leads from your usual 
supplier, for greater accuracy specify : ‘“Thermocouple 
Wires made by A. C. Scott & Co, Ltd., preferred”. 


- C. SCOTT & COMPANY LIMITED 


TECHNICAL ALLOY MANUFACTURERS FOR OVER THIRTY YEARS 
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_AUTOFILTER - DEPOLARISED + ROLLED - CAST | 


NICKEL ANODES £ NON-FERREOUS CASTINGS L 
BEACH WORKS - SHERBORNE STREET - BIRMINGHAM . 
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‘NICKEL ANODES € NON-FERREOUS CASTINGS £ 
BEACH WORKS - SHERBORNE STREET - BIRMINGHAM - 16 


TELEPHONE - EDG. 1157. TELEGRAMS - ANODES. BHAM. 
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Photo by courtesy of 
The English Electric Co. itd 


AVAL Ve ame bVALL Rouen Ml eeliaste 


Good corrosion resistance 





WILLIAM MILLS LTD. FRIAR PARK FOUNDRY, FRIAR PARK ROAD, WEDNESBURY, STAFFS. STOnecross 2276/7 














Aluminium Cable Sheathing Press sheathing a power cable. 


18 SCHLOEMANN Aluminium Cable Sheathing Presses 
under Construction or in Operation 


The first double-action aluminium cable sheathing press 
was put into operation two years ago, since when im- 
portant improvements have been incorporated. The com- 
plete operational sequence, from the charging of the 
billets into the induction furnaces to the delivery of the 
sheathed cable is now obtained fully automatically, in 
continuous cycles. Constant wall thickness of the sheath 
is ensured, even should extrusion have to be interrupted 
through unforeseen circumstances. Highly heat-sensitive 
cable cores can be sheathed in continuous duty, and 
though the pressure exerted is only 1,600 tons, outside 
diameters of sheath obtainable range from °/16 in. to 
4 in., the minimum wall thickness being .008 in. 


DOLLERY & PALMER LTD - 54, Victoria Street LONDON SW 1 . Lydgate Lane SHEFFIELD 10 
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BROOKES 
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Circle Cutting 
Machines 


Hydraulic Presses 


7 tele) €+30e)m0):160) Salmi lneaen 
OLDBURY - BIRMINGHAM 


Rotary Gang 
Slitting Machine 
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CASTINGS 
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HADFIELDS LTD., EAST HECLA WORKS, SHEFFIELD 
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250 GALLONS PER HOUR 


%& = Light, sturdy construction, and economical 
% Completely dismantled, including pump, 
in 2-3 minutes. 
* 5sq. ft. of filter area 
% Minimum floor area with maximum 
adaptability 


% Suitable for most solutions up to 150° F 


R. CRUICKSHANK LIMITED 
QUIGSHAN CAMDEN STREET, BIRMINGHAM, 1 


Telephone: CENtral 8553 (6 lines) Telegrams: Cruickshank Birmingham 


$M/C4507/1A 





Janvarr 28th, 
GOLD MEDAL, 1901. 


The “ Rapid” 


( Elcetrical) 


SEPARATOR 
or SORTER. 


For separating Iron and 
Steel from Brass and 
other Metal, Ores, &o. 
IS THE BEST ON THE MARKET, 


SEPARATORS from £5. 


Fluxes for Melting, Faci for M 
Send for PRICE LIST. 





Samples will he treated free of charge. 
All information free, from—THE 


Rapid Magnetting Machine Go., Ltd., 
132, Cambridge St., BIRMINGHAM 





Magnetic 
EQUIPMENT 


MAGNETIC SEPARATORS for che automatic 
separation of coarse and fine iron from 
all types of non-ferrous metals. 
LIFTING MAGNETS for the economical 
lifting and handling of iron, steel, 
swarf, etc. in all its forms. 
CLUTCHES AND BRAKES for auto- 


matic transmission control. 
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1137. GRAMS: MAGNETISM, B’HAM. 





Are You Equipped To Comply 
With Smokeless Zone Regulations? 


The illustration shows “Dustrol” 
(patent No. 723121) hoods, in- 
stalled in the modern non- 
ferrous foundry of BARR 
STREET CASTINGS 
LIMITED, BIRMINGHAM. 
This Plant is fitted with 

a fabric filter collecting 

zinc oxide and dust 
particles, with no visible 
discharge to atmosphere. 

Why not bring your plant 

up to the same high 
standard? 


Sole Manufacturers 


NEWTON 
COLLINS 


2°88 2 - eo 
BARFORD ST. WORKS, BIRMINGHAM 5 


SPECIALISTS IN DUST AND FUME 
REMOVAL FOR NEARLY 40 YEARS 
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GROSVENOR WORKS, 


THE FIRST LARGE ALUMINIUM PRESSURE 
DIECAST CYLINDER BLOCK & CRANKCASE 
PRODUCED IN THIS COUNTRY 

by 

the firm that first produced an aluminium 
pressure diecast combined motor cycle gearbox 


and crankcase. 


PRESSURECAST POWER UNIT FOR 


PERKINS OUTBOARD 


Commissioned in quantity by Messrs. 
F. Perkins Ltd., of Peterborough, these 
cylinder block, crankcase and power 
housing castings are for their high 
efficiency watercooled 35 h.p. out- 
board motor. Produced in four 
sections, the cast unit with cylinder 
liners cast in weighs 334 Ibs. 


Weights are: 

Cylinder block (with liners) 19 Ibs. 
Crankcase 4 \bs. 
Power Housing (base) 4 Ibs. 
Power housing (forward end) 6} Ibs. 


May we discuss your component 
production programme with you? 
Remember, your pressure casting 
problem is our opportunity. 


ENGINE MANUFACTURERS 


Have you considered the advantages 
of pressure casting your cylinder 
blocks, crankcases and other com- 
ponents? Greater economy, better 

heat dissipation and lighter weight. 


GROSVENOR ROAD, ASTON, BIRMINGHAM, 6 
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* - 
@ HEAVY DUTY LININGS 


FOR PICKLING TANKS C a M a N T S 


@ EFFLUENT DISPOSAL 
PLANTS 


@ CHEMICAL DRAINAGE L| N | NGS 


@ FLOORS if 


@ FUME DUCTS g MATERIALS 


@ SPECIAL PURPOSE 
CEMENTS 


2-4 LADBROOK RD., SOUTH NORWOOD, LONDON, S.E.25 
Telephone: LIVINGSTONE 6616 
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ANTIFRICTION METALS 
ANTIMONIAL LEAD 
penn suet & - 


DENSE LEAD SHIELDING 
FOR NUCLEAR WORK 


ASSOCIATED LEAD 


usually leads to better things 


No matter how you do it, no matter what your particular industrial need, 
getting in touch with Associated Lead is bound to lead to better things— 
better products, better processes—for you and your industry. 
Associated Lead Manufacturers Limited is a single company specialising in the manufacture and supply 
of lead and antimony in all their many forms; alloys; pure metals; chemicals and pigments. 


ASSOCIATED LEAD MANUFACTURERS LIMITED  cLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, E.C.2. 


CRESCENT HOUSE, NEWCASTLE. LEAD WORKS LANE, CHESTER. 


Export enquiries to: Associated Lead Manufacturers Export Co. Ltd., Clements House, 14 Gresham Street, London, E.C.2. 
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SMELTERS AND REFINERS OF NON-FERROUS 
METALS FOR OVER 100 YEARS 


Always in the market — 
both as buyers and sellers 


Members of the London Metal Exchange 


selling 
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Battery plates... 

lead drosses and skimmings... 
lead concentrates... 

scrap and remelted lead. . . 
scrap solder and white 
metals... scrap type metal... 
scrap tin... 


residues... 


SELLERS TO ENTHOVEN 

can rely on a ready acceptance 

of material—whatever the state 
of the market. 


Antimonial lead alloys for the 
battery trade . .. cable alloys 

to all specifications . . . refined 

soft pig lead . . . specialised castings 
for nuclear engineering . . . lead and 
tin powders .. . SOLDERS — 
Ingot, stick, solid and cored wire, 
washers, preforms, etc. ... 


Fluxes and solder paint... 


BUYERS FROM ENTHOVEN 
can rely on obtaining products to 
exact specifications processed 
under strict laboratory control. 
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New B&D Heavy Duty Angle Grinders 
slash servicing costs-send production up- 
in independent 1,000-hour trial 





The only Angle Grinder with 
the GUTS fto give you 
12 months free servicing 


After all other Grinders had failed, The 
Maestro Welding & Engineering Co. Ltd. 
(Government contractors under stringent 
A.I.D. inspection) put six of the new Black & 
Decker Angle Grinders to work. Each 
machine was given a tough 1,000 hour trial. 
Then performance was compared with that 
of previous machines. 

Maintenance and grinding wheel costs were 
DOWN. Production figures and operators’ 
piece work earnings were UP. 

The new Black & Decker machine stays on 
the job longer—needs far less servicing— 
than any other Angle Grinder. That’s why, 
as a guarantee of our confidence, we’re 
giving a 12 months free repairs and servicing* 
certificate with every machine bought be- 
tween now and December 3Ist, 1959. 
Attachments available for Planing, 
Sanding, Cutting, Wire Brushing, etc. 
*Black & Decker operate the largest electric 
tool service organisation in the country, with 
nine branches alerted for 24-hour service ! 





— POST COUPON TODAY ¢--— ce] 





NAME 
COMPANY 
ADDRESS 





Please send me more information about your new Heavy Duty Angle Grinder |_| Please arrange a demonstration |_| (Tick where necessary) 


BLACK & DECKER LTD., HARMONDSWORTH, MIDDLESEX. 
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Ensure Clean Castings by using 


KERAMITE STRAINER CORES 


AVAILABLE IN A RANGE OF SIZES FROM 


BRITISH FOUNDRY UNITS LTD 


RETORT WORKS — CHESTERFIELD 
Phone 4157/8 


Ask for details of our 
COMPLETE SERVICE TO THE FOUNDRY 
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copper rods in our modern automatic rolling mill 
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FREDERICK SMITH & COMPANY 


(G “UW, 
| Kp) | 
Lo) @ Ev 





Metal Industry, 4 December 1959 


cide int staal 





























The Laboratory 


Consider it yours—st 1s equipped and staffed for 
dealing with your specific problems concerning 
metal cleaning and stripping. From this centre 
of technical research “S_A.C.” maintain a nation- 
wide service of information and specification on 
treatments that save both time and cost. 


STRIPALENE + FERROCLENE + ALOCLENE - FERROMEDE + BRAZOCLENE 


(Regd. Trade Marks) 


SUNBEAM ANTI-CORROSIVES LTD. 


CENTRAL WORKS »« CENTRAL AVENUE + WEST MOLESEY + SURREY 
Telephone: Molesey 4484 (5 lines) Telegrams: Sunanticor, East Molesey 
APPROVED BY ADMIRALTY, WAR OFFICE AND AIR MINISTRY 
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From I.C.I. AMMONIA— 
Nitrogen and Hydrogen for Industry 


1.C.1. Ammonia provides industry with a cheap and reliable source of pure nitrogen 
and hydrogen. And I.C.I. gas generating plants are available 


to convert ammonia into a wide range of nitrogen/hydrogen gas mixtures. 


Anhydrous Ammonia with a guaranteed minimum purity 
of 99.98°.,, to meet more exacting requirements, 
is offered in bulk and in a wide range of cylinder sizes. 


Liquefied Ammonia (/ndustria/ Quality), a cheaper grade, 
is available in bulk and in two-ton containers for the 


larger consumer, and makes possible substantial economies in gas costs. 


A bulk delivery of 10 tons of ammonia 


provides over 12 million cu. ft. of nitrogen 


Ful! information on request. 


Imperial Chemical Industries Ltd., London, 8.W.1. 
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CONGRATULATIONS “— 


to “METAL INDUSTRY” 
on completing its first half century 


The above advertisement appeared in the first issue of this journal. Since 
then, W. Canning & Co. Ltd. have continuously developed materials and 
equipment to meet the growing needs of expanding industry. 


BIRMINGHAM 18. Je/ephone: CEN. 862/ 
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Save on 


machining costs 


with 


OS WORKS, ROCHDALE, LANCS. Telephone: 3155 
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LINDEM™M 


Automatic Sheet Scrap Baler 


Due to the built-in horizontally working shear (on the half-pressure 
platen of the press) no press box lid is required, so that feeding 
can be done continuously. 

The shear cuts off the flow of scrap material fed into the press and 
all further operations including bale ejection are fully automatic. 


Transport of finished bales by conveyor-belt. 
Low baling costs High efficiency 


Protruding scrap pieces are sheared off and are left 
for remaining loose scrap. 


Our Agents in the British Isles MOFFAT & BELL LTD. 
170, Piccadilly, London W. 1. Tel: Hyde Park 9551 


466, Royal Exchange, Manchester 2. Tel: Deansgate 5131 
Bale is finished and ejected. 


LINDENANN KOMMANDITGESGELLSCHAFT DUSGGELDORE . GERMANY 





ACCURATE, CONTINUOUS, NON-CONTACT INSPECTION 
SAVES MATERIAL, LABOUR AND TIME! 
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Baldwin Atomat Nucleonic Thickness Gauges 


The Atomat Principle 


RAY SOURCE 
MATERIAL 


RAY DETECTOR 


Amount of rays passing 
through material indicates thickness 
or weight per unit area. 


That’s the very basic explanation of 
the Atomat principle. There are three 
main gauges; the Atomat Cold Strip 


Gauge, the Hot Strip Gauge and 
the Beta Gauge. 
In addition there are special purpose 














variations, made to meet the 
requirements of many different 
industries. 


HERE’S WHAT AN ATOMAT 
GAUGE CAN OFFER YOU 


Time and material saving both in 
production and setting up 


High accuracy 


Calibration in your usual units 
of measurement 


Continuous readings for materials 
in constant production 


Auto standardisation and control if you require 


Minimum maintenance 


Baldwin Atomats are already boosting production and 
utting costs in the paper, metal rolling, rubber 

and plastics industries. Highly successful 

applications also include the measuring of selenium 

on aluminium, coatings of paint and lacquers, density 


»f wood chips, coatings of grit on abrasive papers 
and padding and resin impregnation in the textile 
industry. But the potential of Baldwin Atomat 
Nueleonic Gauges has hardly been tapped. 


Is there a place for them in your plant? 


gS 


INSTRUMENT DIVISION 


Send for the Baldwin Brochure M.1.124 
It gives full information 
on Atomat Gauges clearly 


and concisely. 


BALDWIN INDUSTRIAL CONTROLS 


Baldwin Instrument Company Limited Dartford Kent « tis:c0: soup company 
DARTFORD 6411 & 2948 Cables & Telex: Baldwin, Dartford 
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DIE CASTING MACHINES 
60-1200 TONS LOCK 








THREE PHASE INJECTION 
WITH PROGRAMME SELECTOR 
ADJUSTABLE SHOT SPEED 
VERTICAL AND HORIZONTAL 


Our latest machines are the result 
of many years of practical die- 
casting, together with machine 
construction experience and de- 
velopment in our own diecasting 


foundry. 


Die design and die making departments are 


at the disposal of our customers at all times. 


London Sales Office: THE WOOD HOUSE, COCKFOSTERS, BARNET, HERTS. Phone: Barnet 0810. 


BROTHERS 


UZWIL/ SWITZERLAND 





Metal Industry, 4 December 1959 


Intensive Research and Quality Control 
ensure that you can depend on the uniformity of 


Unceasing research and strict quality 
control, at all stages of production, ensures 
that Intal Light Alloy Ingots can always 
be depended upon. The quality never varies. 
With over a quarter of a century’s a 
experience and progress, Intal maintain [ ig ht A ‘ loy i ngots 
all the newest techniques in scientific 
inspection, and make use of the most These illustrations are taken from the 


advanced instrumentation in ensuring that latest Intal booklet, giving much 
interesting information on alloy ingot 


the Intal high standard of quality is manufacture. We shall be pleased to 
post a copy to executives on request. 


consistently maintained. 


INTERNATIONAL ALLOYS LTD 


HAYDON HILL, AYLESBURY, BUCKS. Telephone: Aylesbury 4242. Telex. 15/520 Cables: Intalloyd, Aylesbury 
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In Billet, Ingot or Strip form, to 


British Standards Specification. 


Sheet and Pipe to British 


Standards Specification. 


To British Standards Specification. 





The Mould Metal Fabrication Service trims the time 
and cost on all your jobs—light or heavy, small or 
large. Working either to your specifications or 
producing our own designs, we can offer unequalled 
service for fabrications and pallets. 


MOLLE: 


THE BEST CAN 
BE ORDERED 
FROM 


MOULD BROS 


(CAMP HILL LIMITED) 


CROWN LEAD WORKS - STRATFORD ROAD - BIRMINGHAM - 
Telephone: ViCtoria 1026/7/8 
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3 
ACID-PROOF FUSED SILICA SHEATH 


VITREOSIL 
Lrcsxic 


IMMERSION HEATERS 


IN ACIDS- cut heating costs ! 


Plating or Pickling Baths can be operated 
at less cost with direct immersion heating, 


. and accurately temperature controlled with 





100% efficiency. The Vitreosil sheath is chemically 
inert, eliminates risk of contamination, 
and is demountable for 


immediate on-the-spot servicing. 


Eight page Brochure gives full information with 
enquiry form for exact specification hy our 
technical staff to meet your individual needs 


ae ek eat pais 2 Pe, PSE AO SE ee ae dae x Pe ke pe © 


FOR ALKALIS—SPECIAL HEATERS AVAILABLE 


THE THERMAL SYNDICATE LTD. 


P.O. BOX No.6, WALLSEND, NORTHUMBERLAND. Tel: Wallsend 6-3242/3 


LONDON: 9, BERKELEY STREET, W.1. Tel: Hyde Park 1711/2 
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How You caw 


Pickle and Bright Dip [N YOUR PRODUCTION LINE 






—— 


” 





New Extraction Cabinet ends acid 
fumes and gas menace 









Exclusive ammonia vaporizing system 
ensures complete neutralization 

















High impact p.v.c. ensures greater 


strength to the unit 





Complete with extractor fan and 
ducting: simple to install 





Ri 


| Transportable and adaptable 













‘In line’ dipping and pickling - 
improves production flow, saves time 








Safeguards © 
and 





With this new low-priced extraction unit, developed and manufactured by the Hockley 


Chemical Co. Ltd., complete neutralization is ensured by a new and exclusive ammonia 
vaporizing system. This system results in high efficiency at low operating costs. Its 
competitive price, easy installation and maintenance (together with the more obvious 


and essential advantages), makes the unit ideal for the smaller manufacturer. 


Ye 
HOCKLEY CHEMICAL 
ee Co. | td. ll 


Dept. M. HOCKLEY HILL, BIRMINGHAM 18 Phone: NORthern 6201/6 Grams: ‘“‘HOKLYKEM” Birmingham 


SOR SSG EES RRR, a germans: 


JW.Ad 4757 





Metal Industry, 4 December 1959 


DIECASTING 
ECONOMIES 
BEGIN 
HERE... 


For the production of pressure or gravity diecastings in any 
size or quantity, in a wide range of non-ferrous alloys, 
Fry’s offer a complete service from design and prototype to 
the finished article. 

By calling in the diecaster at the design stage, the ultimate 
cost of a diecast product can often be substantially reduced. 


Fry’s four works offer you almost unlimited . aa : 
production capacity and are situated to give you The people with the facilities, capacity and achievements 


prompt service in every respect. 
For a summary of the possibilities of pressure and 
gravity diecasting, send for our Technical Bulletins. 


FRY’S DIECASTINGS LTD., Prince George’s Road, London, $.W.19 Telephone MI Tcham 2041 (6 lines) 


WORKS ALSO IN THE MIDLANDS AND NORTH-EAST 
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A New Detergent Cleaner, based on the 
latest research in this field both by this Com- 
pany and our well-known associates, Solventol 


Chemical Products Inc., Detroit. 


Alkaline Cleaner 501D is a dry, dust-free 
mixture of buffered alkalis, water softeners 
and low foaming wetting agents. It is suitable 
for use on all metals and is particularly effec- 
tive in removing unsaponifiable oil residues, 
drawing lubricants, etc. 501D may be applied 


by immersion or spray. 


also available.... % se) DETERGENT 
EFCO DI-PHASE CLEANERS eo 1 ALKALINE 


These consist of two distinct liquid phases 
which contact the work simultaneously. 


They are non-corrosive, protect ferrous ; 1 ‘ C i » A s E A 


work from subsequent rusting and effec- 


tively remove a wide range of soils. 


EFCO ALKALINE CLEANERS 


A range of products for cleaning both 
ferrous and non-ferrous metals. They con- 
sist of blended mixtures of alkalis, organic 
solvents, sequestering and surface active 


agents. 


SPECIALISTS IN METAL CLEANING 





ELECTRO-CHEMICAL ENGINEERING CO. LTD. 


SHEERWATER, WOKING, SURREY. Woking 5222/7 


METAL CLEANING DIVISION 


NRP 1861 
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1883-1959 


Founded in 1883 by the late George Alexander Dick— 
who subsequently invented, in 1894, the extrusion process 
which revolutionised existing methods of Non-Ferrous 
Metal Manufacture—The Delta Metal Co. Ltd. still leads 
the field as principal supplier of Brass, Bronze and Copper, 
etc., in Rod and Shaped Bar form to all branches of 
Engineering Industry. 


THE 


DELTA METAL oo. 11D. 


incorporating: 
LO N DON Earle, Bourne & Co. Ltd. 
James Booth & Co. Ltd. 
Jn. Wilkes, Sons & Mapplebeck Ltd. 
AND Extruded wees = Ltd. 
Moore Bros. (Birmingham) Ltd. 
Heaton & Dugard Ltd. 
Bl RM | N G rm A M Hartland & Eastwood Ltd. 
Copper & Alloys Ltd. 
Elkington & Co. Ltd. 
Mansill, Booth & Co. Ltd. 
J. W. Singer & Sons Ltd. 
Sanbra Ltd. 
A. Case & Co. Ltd. 
E. P. Jenks Ltd. 


MAKERS OF 


HIGH GRADE ENGINEERING ALLOYS 


— FOR OVER THREE QUARTERS OF A CENTURY — 
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WESTINGHOUSE 


Sie  PLAUNG 
Mi fmm\\\\\\\))). R, [3 e TI iP ] [? R; S 


NOW INCORPORATE 
Germanium and Silicon types 

as well as the well-known proven 
range of Selenium types 
REDUCED 

Floorspace ~* Price * Current consumption 


WIDE RANGE OF STANDARD TYPES IN STOCK 


WESTINGHOUSE. BRAKE AND SIGNAL CO., LTD. 
82 York Way, King’s Cross, London, N.|I 
Tel: TERminus 6432 








LTD. 
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AUXILIARY MACHINERY 
for NON-FERROUS METALS 


me 
ee ! 3 29 ee; 
—_——— *=ee 


FARMER NORTON 


SIR JAMES 


Photograph by courtesy of Messrs 


Hall Street Metal Rollin 
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BAR, TUBE & WIRE 
EQUIPMENT AND 
‘ROLLING MILLS 





io. 35 Sl. Rotary 
aging Machine 


~ Piel tome ie 





3V-SD 2 ROLL ADJUSTABLE ANGLE BAR 
AND TUBE STRAIGHTENING MACHINE 


Capacity 12 m/m to 75 m/m diameter mild steel. 
Throughput speed [5 to 45 metres per minute. 


Differential drive giving absolute synchronization 
of roll speed. 


Hydraulic adjustment of roll pressure. 


tretch 


and 


SIR JAMES FARMER NORTON 
& CO. LTD., 


ADELPHI IRONWORKS, SALFORD 3. 
LANCASHIRE. Telephone BLAckfriars 3613 
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Patter of Progress 


The incredible speed of development, 
particularly in the last half-century, proved 
a formidable challenge to the efficiency 
and adaptability of industry. The very 
fact that this live Company still leads in design 
and manufacturing techniques is 
a glowing tribute to the co-ordinated 


efforts of management and workers. 








E. CAMELINAT & CO. LTD. 

for the design and production 

of complete units demanding 
specialist experience. 


E. CAMELINAT & CO. LTD. 


CARVER STREET, BIRMINGHAM, 1. 
Phone: CENtral 6755 (5 lines) Grams: CAMELINAT, BIRMINGHAM. 
SM/EC 2956 
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Pattern of Eaaek-ha-s 


Today’s Mass Production means another 
car for the road every minute 
of the day, 
Camelinat have good reason to 
be proud of their own achievement 
in keeping pace with the 
ever increasing demands 


of the motorvindustry. 


O mtlnAd 


E. CAMELINAT & CO. LTD. 
CARVER STREET, BIRMINGHAM, 1. 
Phone: CENtral 6755 (5_lines) Grams: CAMELINAT, BIRMINGHAM. 


E. CAMELINAT & CO. LTD. 


for the design and production 
of complete units demanding 


specialist experience. 


SM/EC 2815 
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Vacuum Heat 
Treatment Furnaces 


Horizontal or Vertical furnaces for 
Vacuum annealing, degassing, sintering and brazing 


For Vacuum heat treatment process EFCO offer a 

range of furnaces including both hot retort and cold 

retort types. Various pumping systems can be supplied 

to give the evacuation speed and ultimate degree of 

vacuum required. 

EFCO bell type vacuum furnaces are well suited 

to the bright annealing of copper wire or strip in coils. 

An 85 kW Furnace with 6 bases can give an output of 35 tons per 
120 hour week. 


BEST OF THE WORLD'S 
CURRENT FURNACE DESIGNS 


ELECTRIC RESISTANCE FURNACE CO. LTD 


NETHERBY, QUEENS ROAD, WEYBRIDGE, SURREY - Weybridge 389! 
Assecrated with Electro-Chemicel Engineering Co. Lid 
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ALFRED 
CASES , 


| presume ? 


“YES, THEIR 


BRASS STRIP 
14, HAS SIMPLY 
7 NO END 
OF USES!” 


W/7 


For all your requirements consult 


A | ALFRED CASE & Co. Lid. 4 


MANUFACTURERS OF 


BRASS STRIP | 
| GILDING METAL STRIP | 








SPECIALISTS IN CONTROLLED GRAIN SIZE 
STRIP WITH SUPERFINE FINISH SUITABLE FOR 
ELECTROLYTE POLISHING AND DEEP DRAWING 


LADYWOOD ROLLING MILLS - GT. TINDAL STREET - BIRMINGHAM 16 
Telephone EDG 0966 (3 lines) 
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METAL CASTINGS 
LIMITED 


supply 
ALUMINIUM & ZINC ot: ‘:taimania 
ALLOY PRESSURE pat eal sate 


DIE CASTINGS 
to leading manufacturers 
in a wide range of 
industries 








METAL 
CASTINGS 


LIMITE i‘. 
af BOX 15 
WORCESTER 


Tel. Worcester 3261 
Grams. & Cables: METCAST Worcester. 
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Brass and Copper 
PLATES... 
SHEET... 
STRIP... 





Manufacturing Range 
PLATES Maximum Length vee 16 ft. 


Maximum Width ... 4ft. 6ins. 

Maximum Weight 12 cwts. 
SHEETS Cold Rolled 

Maximum Width . 3 ft. 4 ins. 

Minimum Thickness ... .. 28 §.W.G. 

Hot Rolled 

Maximum Width , ... 4ft. 6 ins. 

Minimum Thickness ... _... 26S.W.G. 
STRIP Maximum Width . 1 ft. 2 ins. 


Minimum Thickness ... _ ... 30S.W.G. 


For full particulars of the above.and other products 


consult our reference book ‘“‘Non-Ferrous Products.” 
A copy will be sent on request. 


VIGEERS 


51 








VICKERS-ARMSTRONGS (ENGINEERS) LIMITED 


NEWCASTLE UPON TYNE 4 
TGA ET.84 


ELSWICK WORKS 





Barium 
Beryllium 
Boron & Borides 
Boron Carbide 
Calcium 
Cerium 


Chromium 


(High purity electrolytic) 


Cobalt 


(High purity fine powders) 


Germanium 


(Hyperpure in poly- and single- crystals) 


Hyperpure Metals and 
inter-metallic compounds 


(in poly- and single-crystals) 


Hafnium 


(including fabricated shapes) 
Indium + Lithium 


Niobium 


(including fabricated shapes) 


All Rare Earths 


(Nuclear and Commercial grades) 


Silicon 


(Hyperpure in poly- and single crystals) 


Tantalum 


(All shapes, also apparatus) 


Tellurium 
Thallium 
Thorium 


Vanadium 


(High purity, including fabricated shapes) 


Zirconium 


(Reactor and Commercial grades, all fabricated shapes and apparatus) 


NEW METALS & CHEMICALS 


LIMITED 


Chancery House, Chancery Lane, 
London, W.C.2. 


Telephones: HOLborn 7415 (8 lines) 
Teleprinter: London 28816 
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EDNALL LANE, BROMSGROVE, Wercs. 
Telephones 2987 & 3576 































































































HANDBOOK OF 
INDUSTRIAL 


MORRIS ASHBY LTD ELECTROPLATING 


305 KINGSLAND ROAD E. A. Ollard, A.R.C.S., F.R.1.C., 
LONDON, £8 : F.1.M., and E. B. Smith 


CLISSOLD 2628/9 
Facts, figures and formule for 


all who design, erect, maintain 

High-grade grey iron castings. or operate’ electro-deposition 

PRESSURE \ aluminium alloy sand and P P 
plant, and for laboratory workers 


Gravity Die castings, alum- 


D i E Cc A S T i N G S «ote a ey ‘aaa who deal with plating solutions. 


IN ZINC BASE ALLOY TO BS.1004 y Guality cnctiangs ie Includes sections on water and 
& ALUMINIUM ALLOYS TO BS.1490 * eee a drainage purifications of solu- 








tions, storage and handling of 


A.I.D. APPROVED u[Sya Yorkshire Foundries Ltd. chemicals and plating-shop 


SAYNER LANE, LEEDS 10 costing. 
London Office: 


House, H Square, W.1. 35s. net. By post 36s. 5d. 


JOHN IRELAND a 


(WOLVERHAMPTON ) LTD 
Bilston St, Wolverhampton 














METALLURGICAL 
PROGRESS 


One of the most time-consuming 


MIDLAND METALLICS LIMITED ream” ines 08.1008 tasks for advanced metallurg- 


and Aluminium Allo . 

SIDDONS FACTORY ESTATE aS. 1490 ys ical students and research 
HOWARD ST., HILL TOP, ; workers is “Searching the litera- 
WEST BROMWICH, ; ; ture.” This 3rd. edition does 


pyre ; this task brilliantly and com- 


TELEPHONE: WEDNESBURY 1489 : 
prehensively. 


Gravity and Pressure Diecastings : 
« 6s. post free 


PRECISION 


QUALITY and ) jr aati From all booksellers, published b 
DISTINCTION . HNiffe & Sons Led., Dorset House, Stamford St., 
London, S.E.1. 





In Aluminium and Zinc Base Alloys 


























DIECASTINGS 





PRODUCED TO 8B.S.S. 1004 UNDER B.S.l. LICENCE . iN MAZAK Zinc ALLOY 
Dependable deliveries of large or small WESTERN DIECASTING LIMITED 


quantities of high grade diecastings at com- Members of Z.A.D.C.A. 
petitive prices. Finish machined if required. PHOENIX STREET, MAZE STREET, BARTON HILL, BRISTOL 5 
Telephone: 5-6593 
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INGOTS TO B.S.1004A 


HIGHEST QUALITY 
KEEN PRICES 
PROMPT DELIVERY 


” The 
JOHN 
DALE 


Group 


London Colney, St. Albans, Herts. 
Telephone : Bowmansgreen (BM.5) 2266 


i With factories also at New Southgate, Bury, Feltham and Hindley Green, England, and Toronto, Canada 


Hy _—.. 
HALL FOUNDRIES 
—Hil i} 


weit | OOK tO LEAD 
PRESSURE 
DIE CASTERS 


IN ZINC BASE ALLOYS TO BS1004 


GRAVITY DIE CASTINGS IN ALUMINIUM. 


SANDCASTINGS IN BRASS, BRONZE 
AND ALUMINIUM ALLOYS. bh The technical officers of the Association are always 











FINE FIGURE AND FALSE CORED glad to give individual assistance. 
CASTINGS FROM WAX AND PLASTER. 

LEAD DEVELOPMENT ASSOCIATION, 18 Adam Street, London, W.C.2 
Telephone: WHitehall 4175 Telegrams: Leadevep, Rand, London 


LET US MAKE YOUR PROTOTYPES 
BEFORE CUTTING A DIE, 


ACCURACY ror tue ASKING aes 




















Metal Industry, 4 December 1959 


ZINC BASE ALLOY TO 
SPECIFICATION BSS 1004A 
99°99+% PURITY ZINC 




















BADGER WORKS ° SALTLEY ROAD ° BIRMINGHAM 7 ° asron cross 1351-2 
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AS (Oroyaniler=larer= 
a in 


Plater | 
e}rcudiare 


you 
need 
this 
booklet 


If you produce chromium plating you 
need to be aware of the Mond campaign 
to increase confidence in plating standards. 
It’s described in detail in this illustrated 
booklet “CONFIDENCE IN PLATING’. Here 
you'll see the press and TV advertising 
which will back this scheme in your 
interests. Right through the scheme 

runs the theme ‘Chromium plating can 


be good! A new deal for 
Chromium Plate 


Your customers will want 


to know! 
FOR FURTHER INFORMATION ON THE LABELLING SCHEME 
Do you supply the finished goods ? Customers will be COMPLETE AND RETURN THIS COUPON 


looking for the coloured labels of plating quality which 
are part of the Mond campaign. a oe 
Do you carry out plating for other people? Then show 
the special seal of plating standards on your estimates. 
For this entitles your customer to display the label. 
Buyers of cars, household equipment, tools, furniture. Please send me ‘your booklet ‘CONFIDENCE IN PLATING’ with 
and fittings of every type will be looking for plating . : : os 

they can be proud of. Make sure that you, as a plater, details of how I can jon the scheme. 

know all about this new campaign. 





NAME 


ADDRESS 


COMPANY AND POSITION 


THE MOND NICKEL CO LTD 








Thames House - Millbank - London . SWI 
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REFRACTORY CONCRETE 


Refractory Castables are poured and cast like structural Concrete, and being 
readily available are finding many applications, particularly for preparation of 
special shapes at site. 





| THERMAL MAXIMUM 
HOW | TYPE OF 

REFRACTORINESS | HARDENING TEMPERATURE. ibs. /Cu. Fr. 
SUPPLIED | SETTING 'TEMPERATURE OF USE 





} Stein Refractory Dry 1420°C | Hydraulic 1200°C 1350°C 


N Concrete | 


Stein Super | | 
Refractory Concrete | Dry + 1750°C Hydraulic 1200°C 1600°C 160 
No. 16 | 


No. 17 Dry +1750°C | Hydraulic 200°C «=| ~Ss«700°C 160 
No. 18 Dry -+-1750°C Hydraulic 1200°C 1800°C 160 


Concrete 





Stein Chrome Dry -1750°C Hydraulic | 1200°C 1500°C 180 











Use our advisory service based on 70 years experience in the refractory field—it can improve 
your furnace efficiency. For further information write, phone or call: 


JOHN G. STEIN & CO. LTD. Bonnybridge, Scotland 


TEL: BANKNOCK 255 (4 LINES) 
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By the Highest Standards 


Performance at the upper levels of many human pursuits calls for exceptional 
qualities of mind and body. In evaluating these feats, the judgment should be on a 
similar plane—exacting—discriminating— entirely objective — conforming to the 
highest standards with no compromise. 

Without integrity a standard is valueless, for then there is no dependability to inspire 
confidence in its use. This is valid, not only for abstract but also for material standards, 
and the high repvtation enjoyed by the British Standards Institution has been built 
on firm, authoritative specifications commanding general respect. 

Selection of a proprietary product as the basis for a British Standard is a 
noteworthy distinction which was granted to MAZAK when its production 
specification was accepted for B.S. 1004. (Zinc Alloys for Die Casting). 


The Standard by which others are judged 


a 
~.. 





CONSOLIDATED ZINC “CORPORATION (SALES) LIMITED, 37 DOVER STREET, LONDON W.1. 
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GOLDEN JUBILEE 
1909-1959 


A Message from 
The Lord Privy Seal 
Minister for Science 


I AM happy to offer my congratulations to “Metal 
Industry” on fifty years of achievement in the service 
of British Industry and those who work in it. 

Despite competition from new synthetic materials, 
non-ferrous metals have more than retained their 
importance to a whole range of products in engineering 
and manufacture. This means that new techniques and 
methods suggested by research have continuously been 
applied. 

This is where the scientific trade journal such as 
“‘Metal Industry” comes into its own. Its function is 
to make the new methods known to manufacturers and 
others who are concerned in the design and making of 
British goods. Its role in the next fifty years will be 
even more exciting and important than in the last. 
May good luck continue to attend its publication. 


Hite ses 
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CONGRATULATORY MESSAGES ON OUR GOLDEN 
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JUBILEE 





A. J. M y, M.Sc., F.LM., F.R.Ae.S. 
President, Institution of Metallurgists 

“ . . . Professional metallurgists have 
long ‘valued ‘Metal Industry’ for its ser- 
vice in — them appraised of current 
ideas levelopments in research, 
technology and commerce relating to non- 
ferrous metals. I send my warm con- 
gratulations on the attainment of its 
Golden Fubilee . - 


Maurice Sut C.B.E., D.Sc. Chairman, 
B. N. F.M.R 

ror fifty years ‘Metal Industry’ 
an performed a most valuable service to 
the non-ferrous metal industry and the 
science and technology of non-ferrous 
metals. Its editorial comment, technical 
articles, reviews and commercial informa- 
tion have earned a well deserved popularity 
and high reputation . 


E. Player, C.B.E. Chairman, Magnesium 
Industry Council 

“ .. . It is characteristic of ‘Metal 
Industry’ that its articles and features are 
sober, factual and informative and are 
based upon knowledge and experience. 
All members of the Magnesium Industry 
Council express the hope that its future 
progress will be commensurate with the 
good work carried out in the past...” 


J. H. Barwell, J.P. President, Bronze and 
Brass Ingot Manufacturers Association 

. . . Industry has become more and 
more specialized and its various sectors 
depend for their proper functioning on 
reliable knowledge of what is happening 
in the others. The technical press provides 
the essential lines of communication and 
‘Metal ey’ performs this function 
admirably . 


Wilfrid Brown. Chairman, Light Metal 
Founders’ Association 

.. . We congratulate ‘Metal Industry’ 
on the occasion of its Golden Fubilee. 
During the past fifty years it has rendered 
valuable aid to the aluminium foundry 
industry by keeping it fully informed of 
technological and production develop- 
ments, and we look forward to a continu- 
ance of this indispensable publication . 


J. K. Lion. President, National Association 
of Non-Ferrous Scrap Metal Merchants 
“_... On the occasion of your Golden 
fubilee I send you our very best wishes 
for the future. The industry has always 
been able to look to you as one of the 
most dependable of our trade publications 
and we congratulate you on the very high 
standards which you maintain... ” 


C. H. Wilson. President, Institute of 
British Foundrymen 

During the last fifty years ‘Metal 
PRESS has given excellent service to the 
non-ferrous foundry industry and those 
who work in it. It is, therefore, a great 
pleasure to me to congratulate this publi- 
cation on reaching its Golden Fubilee and 
to sy my best wishes for further success 
in the future... 


G. L. Bailey, C.B.E., M.Sc. President, 
The Institute of Metals 

“ _. . ‘Metal Industry’ and the Institute 
of Metals have a great deal in common— 
both serve the same industry in their 
different and complementary ways and 
co-operation between them has been 
happy and fruitful. I congratulate ‘Metal 
Industry’ on attaining its Golden Fubilee 
and wish it continued success...” 


W. W. Dolton. President, British Non- 
Ferrous Metals Federation 

“ | .. I should like to add my congratu- 
lations to the many that you will no doubt 
receive in connection with your Golden 
Jubilee. In my company your publication 
has been read for over forty years to my 
personal knowledge and we would like 
to record our appreciation of the high 
standard of your technical articles...” 


H. G. Herrington, C.B.E. Chairman, 
Aluminium Industry Council 

“ ... When your first issue appeared 
the aluminium industry hardly existed. 
Its expansion owes much to progressive 
journals, which by objective reporting of 
progress have contributed to development 
and by constructive comment have stimu- 
lated research. Amongst these journals 
‘Metal Industry’ stands out... ” 


A. J. N Brown. President, The Associa- 
tion of Bronze and Brass Founders 

nts In sending congratulations to 
‘Metal Industry’ we can look back to 1909 
when developments in this industrial 
country were taking place rapidly. Bronze 
founding, one of the oldest industries, 
has kept pace with these developments 
which the pate 2 has faithfully recorded 
each week . 


R. Hahn. Chairman, Association of Light 
Alloy Refiners and Smelters 

“.. . ‘Metal Industry’ maintains a com- 
mendable balance in its reporting between 
research, technology and industrial news. 
In particular, we are grateful for the 
editorial awareness of the advances in the 
light metals smelting industry over the 
years as evidenced by the aw Space 
devoted to it in your j é 


K. J. Whitehead. Chairman, Zinc Alloy 
Die Casters Association 

“ _.. By keeping abreast of die-casting 
developments in Britain and abroad, 
by describing the latest equipment and 
techniques, ‘Metal Industry’ has done con- 
siderable service to the pressure die-cast- 
ing industry. The occasion of its 50th 
anniversary enables us to express our 
gratitude for this service...” 


A. A. B. Harvey, MSc., F.R.1LC. 
President, Institute of Metal Finishing 

. It gives me very great pleasure to 
be able to convey my congratulations to 
‘Metal Industry’ on the attainment of its 
50th Birthday. To maintain a technical 
journal for the service of industry over 
this period of time is a very considerable 
journalistic feat . gi 
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1909 - 1959 


NON-FERROUS METALS 
IN THE 





N discharging the obligation implied by the title of this 
article, the author has to survey the past and to foretell 
the future. Alive alike to the difficulties of his task 

and to his own limitations, prologue-like, he craves indul- 
gence. Those more erudite than himself will at once correct 
his errors as to what has been. His wrong evaluation of 
what is to be cannot, however, be subjected to such prompt 
exposure. An interlude must elapse to allow of the future 
becuming the present and then the past. 

Powered flight developed along three different lines, one 
of which gave rise to the rigid airship, the structure of 
which owed so much to a then new non-ferrous alloy, 
Duralumin, possessing the novel, though even at that time, 
not unique, property of age-hardening. 

While in Europe the airship was beginning to evolve on 
what seemed to be rewarding lines, on the other side of the 
Atlantic the brothers Wright succeeded in building and 
flying a heavier-than-air machine. This was based on the 
study of bird flight yet, in form, it in no way disclosed to 
the uninitiated its ornithological mentor. The machine was, 
in fact, described by one of their fellow countrymen as “a 
stick and string box-kite with a gasoline buggy engine”, and 
there was a measure of truth in this. Somewhat surprisingly, 
the great feat was accomplished virtually without the aid 
of non-ferrous metals. None was employed in the airframe. 
In the engine, of twelve doubtful horse power, an aluminium- 
copper alloy was used for its cylinder block and crankcase. 

From the Wright’s splendid pioneering effort until the 
outbreak of the First World War, some 5,000 aeroplanes 
were built, mainly in France and Germany. In the same 
period, Great Britain, rather in accordance with tradition, 
was a reluctant starter. During the conflict, however, about 
a quarter of a million airframes were produced. This 
country alone, feverishly making up for lost time, con- 
tributed some 55,000. ‘The engines of these craft admittedly 
contained a substantial proportion of non-ferrous metal, 
chiefly in the form of aluminium alloy castings, but their 
airframes with one or two exceptions, of which the Fokker 
was the most notable (it had a welded steel tube structure), 
were of “stick and string”. This slick American phrase 
means of wood, with welded mild steel attachments and wire 
bracing. Thus, while the airframe of the period (and, 
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Fig. 1—Short “Silver Streak” ye ap 2870 lb. Span 37°5 5 ft 


Engine 230 h.p. Siddeley 
Short oa vee. & Harland) 


Puma. Speed 125 miles per hour. (Courtesy 


indeed, with trifling exceptions, up to about 1920) was 
virtually without non-ferrous alloys, the contemporary rigid 
airship (in German hands, for a time, a formidable weapon) 
generally possessed an elaborate Duralumin structure. This 
apparent paradox requires some explanation. 

Roughly speaking, the designer of airframes has as his 
object the production of the lightest possible unit which 
possesses the requisite strength to perform its functions. To 
do this, he cannot, in general, use a single material for the 
whole structure. The necessity for diversity arises from the 
fact that the character and magnitude of the loads imposed 
are themselves diversified. Were airframe stresses entirely 
tension ones, such as they are in a gas cylinder, then the 
problem would be seemingly simple. The material whose 
ultimate tensile stress divided by its specific gravity gave 
the largest quotient should, on the assumption made, give 
the lightest product. On the basis of strict logic, the pressure 
vessel maker would thus be faced with producing what was 
required from mica, and if he went on strike, who would 
blame him? 

Under static Joads, compressive stresses create the struc- 
tural designer’s most difficult problem. It is not one, 
however, which can be here examined. The position can, 
however, be stated in a trite generalization—to meet the 
object in view, light compressive loads can best be resisted 
by light materials, but for heavy ones, their employment is, 


Fig. 2—Four inch diameter, 18 S.W.G. tube made rom Duralumin strip and used in the construction of Rigid Airship R.100. 


(Courtesy Vickers- Armstrongs (Aircraft) Ltd.) 











Fig. 3—Vickers “Wellington” bomber. 


by no means, imperative and may be disadvantageous, 
certainly where volume has to be taken into consideration. 
Were an aircraft structural engineer of today asked to 
redesign the Wright machine of 1903, he might well employ 
wood for the interplane struts and for some other parts. 

After the Treaty of Versailles it was thought, in Govern- 
ment circles, and in the light of history, rightly thought, 
that no major war would take place for at least a decade. 
The finances of all former belligerent states had, naturally 
enough, been greatly depleted; the making of munitions, and 
at this time the aeroplane was officially regarded purely as 
a munition, had also been almost halted. On the other hand, 
the rigid airship was, for a period extending to about 1931, 
believed to have commercial possibilities worthy of Govern- 
ment support. Its speed was vastly greater than that of 
even the largest ocean liners, while its endurance was such 
that it could seemingly traverse the same routes, thus 
promising much quicker mail and passenger travel. 

Such craft, within the period under review, were built in 
this country, Germany and in the United States. In all but 
one case, their designers employed Duralumin for their 
primary structure. This fact was significant: by the time 
this lighter-than-air experiment was completed, there existed 
a body of structural engineers and craftsmen well familiar 
with design and fabrication in an alloy which, earlier, had 
been regarded as being not wholly innocent of black magic. 

Another, and in some ways a stronger, influence leading 
to the extensive use of wrought aluminium alloys in aero- 


All-up-weight, "depending on Mark, 25,000-31,000f/b. Span 86 ft. 2 in. 
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plane structures was due to the Air Council. In the early 
years of peace, this body, reviewing the past in the hope 
of being prepared for the future, was much impressed by 
the almost complete absence in this country of indigenous 
timbers then regarded as essential for aircraft construction. 
It was therefore laid down that in military types of machine, 
such structures must be of metal. Aircraft engineers, of 
course, adopted this decision but, in its application they 
were not initially of one mind. Some designed largely in 
alloy steel strip but, by 1939, the use for this purpose of 
age-hardening aluminium alloy had become almost universal. 

The non-aeronautical, non-ferrous metallurgist may feel 
that from the time of their becoming available in adequate 
quantities, the triumph of wrought aluminium alloys for 
aircraft structures was not only pre-destined, but likely to 
be precipitate. The writer, while appreciating this train of 
thought, believes that the change took place when it did, 
largely because of the non-technical logistic decision of the 
Air Council. In aircraft of the size in use up to at least the 
beginning of the Second World War, the reduction gained in 
structural weight, due to the use of such alloys, was relatively 
small. 

That a quite first class military aircraft could be made, 
using a considerable amount of wood for structural purposes, 
was clearly shown, even during the Second World War, by 
the production of the “Mosquito”. The fabrication of this 
machine, violating as it did the earlier decision of the Air 
Council was, nevertheless, justified in every respect. It 
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was an aircraft of great military worth and, due to the 
ingenuity of the designer, involved a unique form of con- 
struction which made small demand for long lengths of 
timber of aeronautical grade. Further, and very importantly, 
making it gave employment to men and tools not otherwise 
occupied in munition manufacture. 

The non-ferrous metallurgist, thinking of this wood-light 
alloy battle, may yet feel it was unduly long. The aircraft 
engineer making his valedictory address to aircraft timber 
as a structural material, should certainly have given grateful 
thanks for its low density, relatively high specific Young’s 
modulus, fatigue endurance and very high notch fatigue 
endurance. The writer, having participated in the felling 
of beautiful spruce trees on the Pacific Coast that aircraft 
spars might be made and knowing such cutting still goes on, 
is sad to think that the resulting wood will probably be used 
for nothing more inspiring than the sides of step-ladders. 

From the Wright’s first flight to the end of the Second 
World War, the speed of aircraft had increased some ten 
miles per hour per annum, but was still subsonic. Their 
all-up-weight at take-off had grown from 7501b. to about 
70,000 Ib. Range had become sufficient to allow of crossing 
the Atlantic with safety. The height record was over 
70,000 ft., but pressurization of the interior of aircraft had 
not become standard practice so, without oxygen and its 
attendant complexities, one generally flew below, rather than 
above, the weather. Airframes, with few exceptions, were 
made of wrought light alloy. Aero engines, in general, were, 
by weight, rather less than 50 per cent non-ferrous. A 
horse-power was developed for slightly under one pound in 
weight and from rather less than one cubic inch of swept 
volume: in fact, very, very great things had been done. It 
would, however, be invidious were the writer to praise 
famous men. He will, nevertheless, give a few examples of 
their fine work. 

The illustration (Fig. 1) shows the Short “Silver Streak”. 
This machine of 1920 was one of the first to be built almost 
entirely of wrought aluminium alloy. A portion of a four 
inch diameter tube of 18 S.W.G., such as was most exten- 
sively used in the structure of the very successful rigid 
airship, R.100, is shown in Fig. 2. It will be noted that the 
method of manufacture employed was novel. It was, in 
fact, made from joggled Duralumin striv. wound at an 
angle on to a mandrel and then riveted. This method had 
to be especially developed, for, in the period 1925-30, as 
would indeed be the case now, it was not possible to extrude 
a tube of the necessary length, having anything approaching 
the diameter: thickness ratio required. Tubes of lighter 
gauge, of three inches in diameter and un to 70 feet long, 
were produced by this ingenious method. The famous 
“Wellington” bomber, of which over 11,000 were, in all, built. 
is depicted in Fig. 3. Its structure was largely geodetic and, 
as a consequence of this, it had a low structural weight. 
Further, because of the multiplicity of its components, it was 
quite remarkable in standing up to damage inflicted by the 
enemy. The curved members, or geodices, were all formed 
from Duralumin strip. A forging of the front portion of a 
“Centaurus” crankcase is shown in Fig. 4, while Fig. 5 shows 
another part of a crankcase, in this instance, a casting of 
the “Sabre” engine. This fine example of the combined skills 
of designer and founder contained between 35 and 40 cores. 
The casting was of a precipitation treated aluminium- 
copper-nickel alloy and, after fettling, weighed 119 Ib. 

By 1945, the war was won. On the air side, this can be 
rightly attributed to two superiorities, personnel and 
material. The aircraft used, were, in the main, piston 
engined. Their airframes were generally of wrought 
aluminium alloy, sometimes covered with linen fabric. 
Naturally enough, during the period of hostilities, civil 
aviation, certainly as far as development was concerned, 
was moribund. With peace, however, it speedily became 
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re-vitalized. More than one cause led to the virtual 
abandonment of fabric covering. Airline operators found it 
difficult to maintain and were prepared, even should this 
involve the loss of some disposable load, to have it replaced 
by light alloy sheet. An additional and stronger influence 
in this direction arose from competitive pressures leading to 
a continuing demand for increased speeds. This soon made 
organic coverings largely unsuitable. In flight, such surfaces 
tended to be unstable and to increase drag. Further, some- 
what later, but with even more compelling force, metal 
covering became essential, if civil aircraft were to be exten- 
sively patronized by those who normally, because of sickness, 
feared to travel by sea. 

The graph, Fig. 6, shows on a numerical basis, what had 
been known, in generalized terms, from almost the start of 
free-ballooning, some century and a half ago, namely that 
except in thundery weather, with increase in height the 
atmosphere becomes less.turbulent. From the graph, it will 
be seen that, when flying at 5,000 ft., a gust of 10 ft/sec. 
or more is, on the average, encountered every 18 miles. 
At 20,000 ft., the gust frequency is only about a twentieth 
of this, while at 40,000 ft., it is but one-hundredth. These 
figures, from the point of view of passenger comfort, become 
more impressive if the frequency of the gusts is expressed 
in time rather than in distance. When travelling at an 


airspeed of 300 m.p.h., a gust of the magnitude stated is 
encountered once every 3-6 min.: at 20,000 ft. the time 


Fig. 4—Portion of the crankcase of the Bristol “Centaurus” engine, 
forged in Hiduminium R.R.56 (B.S. 2L40). Weight of com 147 Ib. 
and outside diameter 30 in. (Courtesy High Duty Alloys Ltd.) 


Fig. 5—Portion of the crankcase of the Napier “Sabre” engine, sandcast in 
D.T.D. 133 or D.T.D. 287. 35—40 cores were used to’make this casting. 
Fettled weight 119 lb. (Courtesy D. Napier & Son Ltd.) 





MILES FLOWN TO MEET A GUST OF 10 tps OR GREATER 


ALTITUDE FT GROUND 


Fig. 6—Variation of gust frequency with altitude 


interval becomes 70 min., and at 40,000 ft. itis 6 hr. This 
provides a weighty reason for flying high, an achievement 
facilitated by the availability of the gas turbine engine. 
This could not, however, be carried out in civil aircraft in 
a satisfactory manner without considerable modification of 
the fuselage. The relationship of air density to height is 
shown in Fig. 7. Then, when it is added that the elderly 
and many who are not yet elderly, find the atmosphere, even 
as low as 10,000 ft. distressing to breathe, it is clear that 
the passenger appeal advantages of flying high can only be 
obtained if the density of the air within the fuselage is not 
distressing to those travelling in it. To do this demands 
pressurization. This, designers have met by making a light 
alloy pressure-tight shell an essential feature of their 
structures. 

In War, there are, of course, obvious advantages to be 
gained by flying high. In Peace, as has just been explained, 
altitude also has much to commend it. The gain, how- 
ever, is not without its price. Flying high has made a 
transcendental contribution to the potentialities of civil 
aviation and a lesser one to the volume of light alloy sales. 
It was not adopted without careful consideration. The 
technical reason for such doubt as did exist is revealed in 
Fig. 8. With increase in altitude, there is a decrease in the 
temperature of the atmosphere, so, when airspeeds were 
subsonic, as they still are in civil aircraft, the influence of 
such temperatures on the mechanical properties of all 
aircraft structural materials had to be intensively studied. 
This, while revealing at stratospheric temperatures, certain 


Table I—Materials in Subsonic Aircraft 





Weight as Percentage of 
Total Structure Weight 


| Aircraft “A” | Aircraft “B” 


Material and Form 








Aluminium Alloys | 
Sheet and strip . | 58: 
Bars and sections : 18- 
Tubes 
Castings and Forgings 


Ferrous Alloys 
All Forms 
Magnesium Alloys 
All Forms 
Copper Alloys 
Miscellaneous Materials 
All Forms 
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disturbing features, particularly with regard to the properties 
of carbon and chromium steels, has been wholly reassuring 
as to both the static and dynamic behaviour of cast and 
wrought aluminium alloys. 

The development from the Wright machine to current 
types has, of course, involved quite enormous changes in size, 
shape and materials of construction. Today, two justly 
famous subsonic aircraft, each of about 80,000Ib. basic 
weight (roughly equivalent to tare weight), have air- 
frames made of materials in the proportions stated in 
Table I. 

Both machines are thus about three-quarters wrought 
aluminium alloy and approximately 80 per cent non-ferrous 
metals; but what of tomorrow? The answer depends on 
how one is going to take off and how fast and how far one 
wishes to fly. At the present time there are the following 
types of aircraft in use: 

(1) Subsonic machines capable of hovering flight, like the 
helicopter. 

(2) Subsonic low-level very long range sea reconnaissance 
craft. 

(3) Subsonic bombers of varying range. 

(4) Subsonic fighters, interceptors, etc. 

(5) Subsonic transports of medium range. 

(6) Subsonic transports of long range (about 4,000 miles). 

(7) Supersonic fighters. 

(8) Supersonic bombers. 

(9) Supersonic transports. 

(10) Supersonic machines capable of hovering flight, like 
the coleopter. 

Classes (1) to (6), that is to say, all the machines whose 
speed at ground level does not exceed 760 m.p.h. (or 660 in 
the stratosphere) are very largely made of wrought 
aluminium alloys. So they will continue to be unless, and 
this is difficult to imagine, there comes into being a better 
structural material for the purpose. As to supersonic 
machines, at present very few in number, it is not possible 
to speak with the same measure of conviction. The physical, 
mechanical and metallurgical implications of the problem 
are well understood. What is obscure is the answer to the 
question: “How supersonic does man want to fly?” or 
perhaps better: “How small and insignificant does he wish 
to make his world. Will he stand for its being reduced to 
the size of a parish?” 

Turning for the moment to the vast majority of the 
machines of the present, namely the subsonic ones: these 
provide a ready outlet for wrought aluminium alloys and for 
a lesser quantity of other non-ferrous metals; but are they 
likely to be able to do this in the future? On technical 
grounds, such alloys have met and continue to meet aircraft 
designers’ requirements, but will such machines continue to 
be built? Machines having a performance akin to that of 
a helicopter, both in war and peace, have most definite roles. 

As to the more conventional military aircraft, the Ministry 
of Defence White Paper of 1957 appears to regard them as 
discharging functions soon capable of being better done by 
other means. This truth, if it is, in fact, a truth, seems to 
be of limited application. Some subsonic military aircraft, 
capable of dropping anything from a hint to a bomb, will 
for many years to come, constitute a useful constituent of 
the armed forces. Further, inter-city, as opposed to inter- 
continental, civi! aircraft, are expected long to continue to 
be subsonic. 

While the metallurgical problem imposed by high altitude 
subsonic flight was the influence of stratospheric cold on the 
mechanical properties of the structural materials of which 
aircraft were made, the corresponding supersonic flight one 
is the heat engendered by the speed of the machine through 
the ambient atmosphere. This relationship under a variety 
of conditions is shown in Fig. 9. Curve C probably pro- 
vides the most realistic guidance as to what has to be faced. 
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Fig. 7—Variation of atmospheric density in the temperate zone with height 
in feet above sea level 





From it, it will be seen that at twice the velocity of sound, 
1,320 m.p.h., the temperature of the exposed surfaces of the 
aircraft will be about 100°C. Aluminium alloys of a 
modified Duralumin type, though temporarily somewhat 


weakened by such a temperature, undergo no serious” 


deleterious change. At three times the sonic velocity, which 
is about 2,000 m.p.h., the airframe will be at about 200°C. At 
this temperature all at present known age-hardening 
aluminium alloys are not only seriously weakened, but 
undergo a permanent and considerable loss in mechanical 
properties. Thus, while airspeeds remain somewhat below 
two and a quarter times the sonic velocity (about 
1,500 m.p.h.) light alloys can continue to be used for airframe 
construction; what is to be employed above this speed calls 
for serious consideration. 

Material for aircraft structures is not selected either on the 
spin of a coin or because of some unique property it is 
alleged to possess. The aircraft designer, to make this choice, 
has to know in concrete terms, over a wide range of 
temperature, of the following qualities of possible structural 
alloys: 

(a) Specific gravity. 

(b) Limit of proportionality in tension and compression; 
0-1 per cent proof stress in tension and compression; ulti- 
mate stress in tension and compression. 

(c) Hardness; rubbing qualities. 

(d) Yield stress in torsion. 

(e) Pin shear yield stress; pin shear ultimate stress. 

(f) Elongation; reduction of area. 

(g) Notched bar impact resistance. 

(h) Fatigue limit; notched fatigue limit; corrosion fatigue 
characteristics. 

(i) Creep characteristics. 

(ij) Young’s modulus; tangent modulus; shear modulus; 
bulk modulus; Poisson’s ratio. 

(k) Coefficient of expansion and thermal conductivity. 

Then, offsetting one consideration with another, he makes 
his decision. This, for the last forty years in all countries 
and for all aircraft other than the very smallest, has almost 
always resulted in some kind of age-hardening aluminium 
alloy being selected for the major portion of his structure. 
From Fig. 9, however, it would seem that for machines 
having a speed of over 1,500 m.p.h. their long enduring 
monopoly has been broken. 

The reader, initially, may be unwilling to accept this 
dictum. He may suggest that if means, such as refrigeration 
or insulation of the structure were employed, no change in 
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the material of construction would be necessary. An 
appraisal as to what would be required in terms of power 
to meet the first suggestion has been made. The unweighted 
and impartial answer is more than discouraging. As to 
insulation, it is believed, no practical solution yet exists, but 
research may reveal one. Failing this, a change in materials 
must be made. For speeds of about 1,500 to 2,500 m.p.h, a 
titanium alloy might, after its design and fabrication tech- 
niques had been mastered, meet the case. At still higher 
speeds some type of non-oxidizing alloy steel could provide 
a solution, no doubt at considerable cost in terms of weight. 
These matters are for the future. 

To end on a sincere but not an optimistic note; if, as is 
currently foretold by American prophets, the speed of 
medium and long range aircraft is raised, within the next 
ten to fifteen years, to three times the sonic velocity (about 
2,000 m.p.h.), not only will non-ferrous alloys, with the 
possible exception of those of titanium, be virtually absent 
from such machines but, unless there is a corresponding 
increase in the number of air travellers, markedly fewer civil 
aircraft will be required. 





1909 - 1959 


NON-FERROUS METALS 


T the end of the last century a considerable diminution 
in the use of non-ferrous metals took place in the 
marine industry, due to the changeover from wood 

and composite ships to iron and steel ships. The general 
adoption of the steam turbine machinery, particularly in 
warships some 50 years ago, also caused the percentage of 
non-ferrous metals to fall from about 34 per cent to 
17 per cent of that of the combined iron and steel used in 
the machinery. In the case of the hull structures the non- 
ferrous metal content at this time was about 4} per cent 
of the total weight. 

At the commencement of the period under review, the 
principal non-ferrous metals in genera! use in the marine 
industry were copper, brass, gunmetal, lead and white metal. 
A certain amount of aluminium was used in the form of 
small plates for unimportant structures and aluminium 
bronzes were being tried out. 

Copper was used principally by the marine engineer for 
steam and other pipes, possessing the qualities of ductility 
and resistance to corrosion. Copper-zinc alloys were used for 
propellers and large ships’ castings, brass condenser tubes, 
tube plates and condenser shells, brass bolts, pump rods, 
valve spindles, turbine blades, packings and occasionally for 
small screwshafts. Muntz metal (60 copper-40 zinc) was still 
used for the sheathing of ships’ bottoms having good general 
strength and ductility with ability to resist corrosive action 
of sea water though liable to be affected through galvanic 
action. Lead was used mainly for bilge and ballast pump 


Fig. 1\—The “Mignon”. A 
Swiss aluminium boat built in 
1892. (Courtesy A.I.A.G.) 
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suction pipes. White metal was naturally used for bearings, 
its composition depending on its use whether with light or 
heavy loads with oil lubrication and propeller shaft bearings 
running in sea water without oil, while of alloys containing 
copper, tin and antimony used for stern shaft bearings and 
the main bearings of the propelling machinery, there were 
numerous brands produced each claiming special qualities. 

Pure aluminium of the best quality was used in ship- 
building in partitions, ceilings, some decks and chart houses, 
and where reduction of top weight was of importance in 
connection with the stability of the vessel as, for example, 
in very high powered small vessels like torpedo boats; but 
the supply position for sheets was difficult. It is significant 
to note that the total annual production of aluminium in 
1909 was about 30,000 tons compared with the present 
annual output of over 3,000,000 tons. 

So-called aluminium bronzes produced by the addition 
of aluminium to electrolytic copper in quantities up to 
10 per cent were used for marine purposes but were subject 
to rapid corrosion when used under sea water. With 
additions of 5 to 6 per cent, and even up to 10 per cent 
aluminium to normal bronze of copper, tin and zinc alloy, 
the corrosive effect was very slight. 

Although these metals and alloys were used abundantly 
it was found that while strength and ductility were often 
considered paramount by the manufacturer, the materials 
failed under special conditions of treatment and use, and 
were, so far as normal conditions were concerned, unsuitable 
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for long continued exposure to the action of sea water. This 
was conspicuous in the case of aluminium and its alloys, 
which at first gave great promise for the future and long 


delayed their acceptance. Yet it could not be said at that 
time that the other commonly used metals were free from 
their troubles, copper being a case in point which could be 
adversely affected by improper cold work and annealing, and 
also by small quantities of bismuth, while gunmetal, white 
metal and other alloys had their properties affected by the 
temperature when pouring the metal, the rate of cooling 
and the temperature of the bearing into which the metal 
was poured. 

It was evident there was a lack of scientific precision and 
knowledge in melting, mixing and pouring of metals, and 
with the increasing demands for materials to withstand more 
arduous conditions, coupled with a desire to reduce factors 
of safety for economical as well as weight saving reasons, 
scientific methods and research had to be reduced to the 
practical form to enable the manufacturer and user to reap 
full benefit in the development of metals and their alloys 
with specific qualities. By 1920 a decided change had taken 
place in the use of non-ferrous metals, particularly with naval 
machinery. Copper steam pipes had disappeared and been 
replaced by steel and gunmetal for condenser ends and shells 
had been replaced by cast iron and sheet steel with improve- 
ment in the life of condenser tubes. Copper had also been 
replaced by steel for feed discharge pipes and fire service 
pipes, and gunmetal became unserviceable with increase of 
steam temperatures. Although failures in condenser tubes 
had been reduced considerably there was still much room 
for improvement, since failures became a serious drawback 
to the efficiency of the Fleet, and it became obvious that an 
alloy better than a simple brass was required. 

Bronzes with improved qualities were still in use, such as 
phosphor bronze castings, some containing 15 per cent and 
others 10 per cent phosphorus, and with addition of small 
percentages of lead suitable for bearings: also in sheets for 
air pump valves and in wire for electrical purposes: 
manganese bronzes for castings and especially propeller 
blades having a tensile strength up to 30-35 tons/in? being 
less liable to corrode than steel and giving a good surface 
important to the fast ships having high speeds of rotation: 
high strength alloys of copper and zinc plus iron and also 
tin, aluminium, manganese or nickel, such as Delta metal. 
With the introduction of the impulse turbine and increase 
of superheat temperature (about 100°F.), brass blades were 
no longer satisfactory and were replaced by phosphor bronze 
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Fig. 2—H.P. port turbine on the P & O SS. 
““Carthage”’ showing the condition of the original 
Monel blading - 25 years of service. (Courtesy 
The Mond Nickel Co. Ltd.) 


at the high pressure end. Monel metal was tried out but 
manufacturing and supply difficulties at this time could not 
be overcome and experiments were also carried out with 
cast aluminium bronze. Considerable improvement had also 
been made in bearing metals, largely due to the problems of 
lubrication being better understood and applied, Reynold’s 
work and that of Michell having given a practical solution in 
no uncertain manner. 

The oil engine was also being rapidly developed for 
marine purposes with the adoption of pistons of aluminium 
alloys and piston rings of copper-zinc alloys. 

In the next ten years with the advantage of intensive 
research and development an increasing number of new 
alloys were produced, together with a large variety of alloy 
steels brought about by higher steam temperatures than 
previously used, the increase in number, size and speed of 
oil engines, and through the troubles experienced in the 
service behaviour of certain parts of machinery. It is only 
right to mention experience showed that design could be at 
fault often through an incomplete knowledge of the complex 
stress distribution and temperatures under actual working 
conditions. Knowledge was, however, being accumulated 
of the fatigue properties of materials under repeated stresses 
in environments of air, fresh water and sea water, and also 
of the creep strength at high temperatures of a number of 
engineering metals. Condenser tubes were still a matter for 
investigation although there was a better understanding of 
the causes of failure. Experiments were carried out with 
tubes made of stainless steel, Monel metal, aluminium brass, 
80 copper-20 nickel, 70 copper-30 nickel, chromium-coated 
Admiralty brass tubes, Silveroid and a few others, and of 
these Monel metal and aluminium brass were found to be 
the most satisfactory. The former became generally used 
in naval condensers while aluminium brass, due to its 
cheapness compared with Monel metal, became generally 
adopted in turbine engined ships of the mercantile marine. 
Improved alloys were used for turbine blading and specifica- 
tions and inspection became more stringent. Stainless iron 
and steel were employed in H.P. turbines, also Monel and 
phosvhor bronze in all stages. Brass was still employed for 
reaction blades, only electrolytic copper and zinc of 
99.75 per cent purity being used, the brass blading being 
annealed at an approved temperature. For a number of 
general castings a copper-silicon alloy known as P.M.G., 
containing 3-4 per cent silicon, came into use as a substitute 
for Admiralty gunmetal with a saving in both price and 
weight. 





In these ten years, the use of aluminium and aluminium 
alloys in naval ships increased from the experimental stage 
to tons in a cruiser, largely for weight saving purposes since 
the corrosion problem still remained. A number of 


aluminium-silicon alloys were produced giving better service, 
and “Y” alloy used for naval oil engine pistons and other 
high speed engines continued to give very satisfactory results. 

Mention should also be made of the use of nickel, 
cadmium and chromium for electrodeposition, as in the 
“Fescolising” process for coating condenser tubes, working 


parts of steam expansion glands and damaged and worn 
turbine rotor shafts and wheels. 

Increasing quantities of non-ferrous metals were now 
being used to form special alloys of steel, amongst the more 
important being nickel, chromium, molybdenum, tungsten 
and vanadium. Nickel in small percentages was also being 
used to improve the structure and quality of cast iron. 


The Present Position 

In present-day marine engineering the proportion of non- 
ferrous metals employed in relation to other materials is 
still relatively small; nevertheless recent developments and 
improvements have increased the number and types of alloys 
in service in addition to widening their field of application, 
thus serving a most vital role in ensuring efficient operation 
and adequate service life of machinery and structures. 

The continued use and future possibilities of non-ferrous 
metals in the marine industry depend essentially on the 
special characteristics possessed by these metals and alloys, 
and in consequence the total weight alone used in any ship 
is not necessarily an indication of their prime importance. 
Nevertheless, some information respecting the tonnage used 
may not be out of place, and the following figures give an 
indication of their trend in the machinery of some ships, 
commencing with the passenger liner T.S.S. Olympic of 
46,400 tons gross built by Harland & Wolff in 1911 and fitted 
with twin steam reciprocating engines and an L.P. turbine 
on the centre shaft, developing a total of 51,000 h.p. 

Olympic. Total weight of non-ferrous metals 635 tons, 
of which the main engines took 220 tons, propellers 62 tons, 
copper and brass pipes 173 tons. The weight of the brass 
tubes in the condensers was 51 tons with a further 10 tons 
for the tube plates, the brass blades in the L.P. turbine 
weighed about 50 tons, while the zinc plates fitted in the 
Scotch boilers as an anti-corrosion measure amounted to 
about 7 tons. 
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Fig. 3—Hayward Tyler centrifugal pump casting 


Three cargo vessels of about 10,000 tons deadweight (say, 
18,000 tons gross) built about 1928 and fitted with (1) steam 
reciprocating engines, (2) steam turbines, (3) diesel engines, 
all developing about 6,000 h.p. The weights of non-ferrous 
metals used in the machinery only (boiler, etc., not included) 
were (1) 7-7 tons, (2) 4-4 tons, (3) 62 tons (includes main 
engines, auxiliary engines and other fittings). These ships 
each had about 30 miles of electric cables weighing 30 tons, 
and the 20 electric winches with their motors contained 
15 tons of copper and | tonof phosphor bronze, gunmetal, etc. 

Pretoria Castle (1948), passenger liner of 28,700 tons gross 
and 35,000 s.h.p. twin screw D.R. geared steam turbines, 
approximate weight of non-ferrous metals in the machinery 
installation, 242 tons rough weight. 

Bloemfontein Castle (1949), cargo liner of 18,400 tons gross 
and 16,000 s.h.p.; diesel engine machinery has about 118 tons 
rough weight of non-ferrous metals. 

The weight of copper used for the electric cables in a 
ship is also of some significance considering the miles of 
cables installed, and may reach 25 to 50 tons and much 
more in the larger passenger vessels. There are 230 miles 
of cables in Pretoria Castle and 125 miles in Bloemfontein 
Castle, while the total weights of copper for all purposes, 
including motors, cables, etc., amount to 65 tons and 38 tons 
respectively. The Queen Mary has about 738 miles of 
electric cable. 


Turbines 

The high temperatures required for the efficient perform- 
ance of gas turbines naturally focused attention on the need 
for superior materials, and in this country the well-tried 
Nimonic series of alloys, ferric and austenitic steels have , 
given good results, while in the U.S.A. a more extensive use 
has been made of cobalt-base alloys. It is remarkable how 
important a part has been played by the employment of 
non-ferrous metals in both heat- and creep-resisting steels 
containing high contents of nickel, chromium, cobalt, 
molybdenum, titanium, niobium, tungsten and manganese, 
the total contents of which frequently exceed 45 per cent. 
For gas-turbine blading and nozzles, alloys have been based 
on nickel-chromium-iron and nickel-cobalt-iron, Nimonic 
alloys being almost exclusively used, and for still higher 
temperatures chromium, titanium and molybdenum are the 
metals mainly used in alloys, a typical example being 
60 per cent chromium, 25 per cent molybdenum and 
15 per cent iron. 
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In steam turbines ferrous alloys have almost completely 
replaced non-ferrous alloys, stainless iron and _nickei- 
chromium, ferritic and austenitic steel being most commonly 
used. For gland purposes the most suitable alloys are brass 
up to 850°F., S. Monel (3-5 per cent silicon) leaded nickel 
bronze below 1,300°F. and Nimonic 75 and 80A for higher 
temperatures, although no marine turbine has yet been 
designed for working at temperatures above 1,050°F. 


Oil Engines 

In high speed engines, cast aluminium-alloy pistons and 
skirts, of “Y” alloy and R.R. alloys, have been largely 
used due to the advantage of reduction in reciprocating 
masses. In other respects cast aluminium alloys containing 
silicon and magnesium have little scope in the engine rooms 
of the mercantile marine with the exception of crankcase 
doors for ease of handling, and other structural members of 
engines where weight is a consideration. Chromium is used 
as a deposit on the wearing surfaces of oil engine liners, and 
more recently in the U.S.A. hot dip aluminizing of 
large piston heads, piston rings and exhaust valves has 
considerably reduced wear and erosion. An alloy of 
75Ni-15Cr-5Fe-5B has also been used on cast and forged 
steel piston heads. 


Bearings 

The suitability of a bearing depends entirely on its service 
conditions and no ideal alloy exists. The various charac- 
teristics required are low coefficient of friction, high 
resistance to local seizure, adequate mechanical strength at 
operating temperatures, and sufficient tolerance to withstand 
normal amounts of misalignment, low rates of wear and high 
corrosion-resistance. Non-ferrous metals and alloys have 
played a most important function through having all or a 
combination of these qualities, though much will also depend 
on mechanical features such as bearing dimension, clearance, 
surface condition and lubrication characteristics. 

In practice, bearings are either of the thin- or thick-shelled 
type. In oil engine practice the shell thicknesses for main 
bearings vary from ys in. to }in. at a journal diameter of 
24in. to +s in. to 3 in. for small diameter shafts. As 
most marine engine shafting is of normalized plain carbon 
steel, white metal bearings of the high-tin Babbitt types 
containing 80-93 per cent tin are employed. High speed 
engines with increased bearing loads employ thick-shelled 
lead bronze, tin-backed to steel. Aluminium-20 per cent tin 
alloy and 30:30:40 copper-silver-lead alloy with superior 
fatigue properties are also being used and some high speed 
heavy oil engines use silver for bearing liners. 

For lightly loaded bearings for line shafting lead-base 
Babbitt’s metal gives excellent service. Top end bearings 
are made of white metal, lead-bronze and phosphor-bronze 
bushes. Similar materials are used in pumps whilst for 
underwater service an alloy of zinc 30 per cent, tin 
68 per cent and copper 2 per cent is frequently preferred. 

Propeller shafts working in stern tubes and brackets are 
usually fitted with gunmetal liners within the range 88: 10:2 
or 87:8:5 or leaded gunmetals of the 85:5:5:5 type. 


Condensers 

Arsenic-bearing 70:30 brass is still employed for con- 
denser tubes with liquid velocities not exceeding 7 ft/sec., 
and for higher velocities associated with aeration 70:30 
cupro-nickel tubes, with iron content of 0-4-1-0 per cent and 
manganese 0-5-1-5 per cent are widely adopted, particularly 
in warships and high class passenger liners, or otherwise the 
cheaper aluminium brass 76:22:2 inhibited with arsenic. 
Increasing attention is being given to the use of alloys of 
lower nickel content, e.g., 5 per cent nickel and 1-05-1-35 
per cent iron. A cupro-nickel alloy, preferred in the U.S.A., 
contains 10 per cent nickel and 2 per cent iron. 

Duplex tubing with different alloys for bore and external 
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" surfaces has been used, and in the U.S. combinations of 


various brasses, aluminium bronzes or cupro-nickel supplied 
with aluminium, Monel, nickel or steel external metals have 
been employed in chemical and refrigeration plant. 


Shafting 

The low corrosion-fatigue resistance of ordinary steel 
shafting has led to a wide adoption in the smaller sizes of 
copper- and nickel-base alloys which have excellent 
corrosion-fatigue characteristics in sea water. Manganese-, 
aluminium- and phosphor-bronzes, Monel metal and 
K Monel metal have all been used for shafting, including 
screwshafts of limited size, in the case of Monel metal up 
to 74in. diameter. 


Propellers 

These are subject to corrosion and erosion, and the 
employment of non-ferrous metals has been largely instru- 
mental in preventing or considerably reducing these forms 
of attack together with improved propeller design. Alloys 
most resistant to erosion where cavitation is likely to be 
severe are austenitic stainless steels, aluminium bronzes 
with or without nickel addition, silicon Monel, Monel metal, 
high tensile bronze and Turbadium bronze, the latter being 
used extensively, e.g., the Queen Mary propellers weighing 
32 tons each. In other cases, good service has been given 
with the normal manganese bronzes, silicon bronzes, 
phosphor bronzes, gunmetals and aluminium alloys. Pro- 
pellers in large single screw oil tankers weighing 25-35 tons, 
and even greater, have been made of copper-aluminium 
alloys with nickel and iron additions, resembling that speci- 
fied in B.S.1400 A.B.2, and copper alloy with high 
aluminium and manganese content. These copper- 
manganese-aluminium alloys have also been used for castings 
where high strength or a high resistance to corrosion is 
required. 


Pump Impellers 

These are usually made of gunmetal and manganese 
bronze and under severe conditions of stress and erosion, 
aluminium bronze, Monel metal or stainless steel are 
employed. 


Fig. 4—Large Novoston propeller weighing 30 tons finished. (Courtesy 


F. Stone & Co. (Chariton) Ltd.) 
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There are a large number of non-ferrous metal castings 
in the cast condition having weights less than 10 cwt. used 
for valve bodies and components, pump parts, bushes, 
brasses and similar items in all types of marine machinery, 
together with large pump casings, impellers and turbine 


nozzle castings weighing between 4 and 5 tons. Bronze 
castings with addition of lead are preferred for low pressure 
valve bodies and parts, sea connections and shaft liners 
requiring pressure-tightness, the aluminium bronzes being 
used for higher strength machinery parts. 

On board ships all cables are subject to vibration and, 
ordinary lead covering proving very sensitive to fatigue 
conditions, research largely carried out by the B.N.F.M.R.A. 
produced improved sheathing using pure lead alloyed with 
small additions of tin, antimony and cadmium. 


Hull Structures 

Aluminium alloys are now the most important non-ferrous 
metals employed in certain types of ships, and their applica- 
tion is increasing with design and experience in spite of the 
cost being 8 to 9 times that of steel. The saving in weight is 
most marked in large passenger vessels having masts, super- 
structures, funnels, davits, hatch covers, lifeboats, sidelights, 
window and accommodation fittings in light alloys. In the 
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Fig. 5—Welded aluminium super- 
structure and other fittings on board 
SS. “Sunrip.” Weight saved by 
using aluminium was cepreinny 
185 tons. (Courtesy Davie Ship 
Building Ltd. Sun Steamships Co.) 


case of the S.S. United States some 1,400 tons was used for 
the superstructure and 600 tons in minor bulkheads, furni- 
ture and fittings, giving a weight saving of 15-20 per cent of 
the original displacement. This is an outstanding example, 
the tonnage used in other merchant ships being of the order 
of 50 to 400 tons. The Bergensfjord (10,700 tons gross, 
built 1956) has 410 tons in superstructure above the weather 
deck, including main mast, funnel and guard rails, while for 
the cargo liners Canberra (45,000 tons gross) and Oriana 
(40,000 tons gross), and also the U.S.S. Ranger, the estimated 
weight is about 1,000 tons in the structure. 

For oil tankers and dry cargo vessels, where the saving in 
top weight is not so important, the use of aluminium alloys 
is generally confined to the wheelhouses and similar deck 
houses. 

Aluminium alloys in lifeboat construction have been a 
common practic: for the past 25 years, particularly for 
passenger vessels and oil tankers. With diminution in size 
of naval vessels and the large increase in number of instru- 
ments, gadgets, etc., the greater use of light alloys becomes 
a necessity. 

Undoubtedly, progress made in the use of these light 
alloys has been helped considerably through improved weld- 
ing technique, and in consequence the sizes of small craft 
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entirely constructed of light alloys will steadily increase. For 
plate manufacture aluminium 3-5-5-5 magnesium alloy is 
usually employed, particularly for welded structures; an 
alloy with 5 per cent magnesium being used for rivets as 
well as 1 per cent magnesium-1l per cent silicon alloy. 

Aluminium brass tubes are used for oil heating in the 
cargo tanks of oil tankers owing to satisfactorily with- 
standing the corrosive action of crude oil compared with 
mild steel and cast iron grids. 

High-purity magnesium anodes are being used in the 
cathodic protection of seagoing vessels, vessels liable to be 
laid up in reserve and also to combat corrosion in oil tankers 
which carry alternately oil cargo and sea water in the same 
tanks. For hull protection zinc alloys are also replacing pure 
zinc where previously used. 

The use of properly prepared hot dipped aluminium and 
sprayed metal coatings has helped considerably in mini- 
mizing corrosion and preventing excessive wear, in the latter 
case metal sprays used being stainless steel, nickel, high 
carbon steel and pure molybdenum. 


Future Prospects 

It is essential to appreciate the fact that reliability of 
operation of a ship is one of the most important considera- 
tions of the shipowner, since to earn money a ship must 
be at sea and able to undertake voyages in any part of the 
world as trade demands. It follows that progress in the 
marine field depends largely upon the satisfactory service 
of materials and machinery, and under modern conditions 
this is often based on their service in land installations. New 
materials generally mean increased first cost and doubt of 
behaviour under continuous operation with liability of higher 
maintenance costs, together with difficulty of replacement in 
ports far distant from the home base. Hence the need for 
care in the selection of new materials and a decision to 
sacrifice a degree of economy for reliability. 

Accordingly, future utilization of new non-ferrous metals 
and alloys will, in the main, depend largely on weight saving 
and resistance to erosion and corrosion in marine environ- 
ments, other matters, such as strength at high temperatures, 
being dependent upon service experienced on land. This 
does not mean that there is not ample scope for a further 
extension of existing materials often limited by cost. The 
shipowner, while naturally conservative, is not only on the 
lookout for new materials and improved methods of fabrica- 
tion but also new types of machinery. Higher temperatures 
for steam turbines and more general adoption of gas 
turbines, all that is entailed in the adoption of nuclear energy 
for main propelling purposes and materials that will reduce 
costs of maintenance are all obvious possibilities. 

In hull structures, light alloys, while now past the 
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development stage, are dependent on reduction in cost and 
increased corrosion resistance. In salt water pipe systems 
where galvanized steel is still generally used the tendency 
is towards copper-nickel-iron and aluminium-brass alloys 
due to greater corrosion and erosion resistance qualities with 
competition increasing from plastics pipes, though the latter 
suffer from lack of heat- and fire-resisting qualities as well as 
cost. 

At present a temperature of 1,050°F. appears to be the 
maximum for marine steam turbines and suitable materials 
are available, but with higher temperatures opportunities for 
the use of alloys such as Nimonic 90 for H.P. turbine blading 
and nozzies will be required. Titanium and its alloys which 
possess good mechanical properties and corrosion resistance 
have possibilities for L.P. turbine blading, but its high cost 
and difficulties in fabrication, e.g., brazing, makes it unattrac- 
tive at the present time. 

From an economical point of view the marine gas turbine 
needs to work at much higher temperatures, and here there 
should be greater scope for non-ferrous materials. Marine 
nuclear reactors are bound to follow land practice and 
experience which offer great scope for the less common 
metals such as zirconium, beryllium, niobium, vanadium, as 
well as molybdenum and tungsten. The power generating 
machinery will follow usual marine turbine practice. 

Bearing metals will always offer scope for improvement 
to meet the more arduous and widely varied conditions of 
service with extended use of thin shelled bearings and lead 
and indium coatings. 

There is still room for improved alloys for propellers to 
meet all conditions of future service. 

In the electrical field, the magnetic characteristics of non- 
ferrous metals alloyed with iron, have potential possibilities 
and together with high resistance alloys, offer scope for 
further research and development. 

If the transportation of liquid methane in bulk proves 
successful, there may be an increasing demand for 
aluminium-3 per cent magnesium alloy plate and section. 
This material has adequate toughness for operation at 

259°F., the boiling point of liquid methane. 

In conclusion, it is only proper to say that many of the 
new non-ferrous metals have limitations of resources and 
production which at present retard their uses, but there is 
no doubt that research and development can rapidly alter 
this position and the most efficient and economical selection 
of metals be made to the benefit of all users. 

The writer is indebted to Sir James McNeil, F.R.S., of 
Messrs. John Brown & Co., Ltd., Clydebank, Mr. C. C. 
Pounder of Messrs. Harland and Wolff, Ltd., Belfast, and 
some of his former colleagues at Lloyd’s Register of Shipping 
for their ready assistance in the preparation of this article. 


Fig. 6—Wine ship “ Angelo Petri” carries its cargo in stainless steel tanks at a speed of 15 knots. (Courtesy The Mond Nickel Co. Ltd.) 
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three distinct periods of changing railway practices: (1) 
before 1923; (2) the four Grouped Railways, 1923 to 
1947; and (3) British Railways, 1948 to date. 

Few of the present generation will have seen the famous 
trains of the first decade of this century, but the writer has 
in his possession 2 tattered old album in which there are a 
hundred picture postcards, such as had a ready sale to boys 
in those days. Many of these are in bright colours and 
illustrate such famous trains as The Scotch Express of the 
North Eastern Railway, The Flying Dutchman of the Great 
Western Railway, and the “Fishguard Boat Express to 
Ireland”, also of the G.W.R. 

During the second period under consideration the writer 
was himself a railwayman, having been appointed “Chief 
Chemist and Metallurgist” of the L.N.E.R. early in 1930, 
and one of the first things which he was instructed to under- 
take was the selection of the non-ferrous metals and alloys 
which should be standardized by the Chief Mechanical 
Engineer for use in all the locomotive, carriage and wagon 
workshops which the management had inherited from the 
six great railways which had gone to form the L.N.E.LR. 

Soon after the commencement of the third period the 
nationalization of all the group railways required similar 
work and the writer was appointed chairman of “The Rail- 
way Executive Mechanical and Electrical Engineering Policy 
Committee on Non-Ferrous Metals”. Complicated as this 
work was it had been made of comprehensible dimensions 


I: this review of the past fifty years we have to consider 
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by the work which had been carried out on each of the 
group railways twenty years before. 


Metals Used 

In all our main-line steam locomotives the frame, springs, 
axles, wheels and tyres were made from the appropriate 
grades of steel; the cylinders were of cast iron, and the 
boiler was made from steel. 

There was, however, a considerable weight of non-ferrous 
metals in the arsenical copper firebox plates and stays, and 
in the earlier days there were also many copper tubes in the 
boilers. The boiler fittings were generally made from bronze 
castings and bronze was used for many of the engine motion 
bushes and for the bulk of the wheel bearings; the latter 
being lined with one or another of many grades of white- 
metals, made from alloys of tin-lead-antimony-copper. 

The weights of metals used in a locomotive varied accord- 
ing to its class and year of construction. Gradually the size 
of the better known passenger locomotives grew until, 
towards the time when the writer’s 20 years of service in 
charge of the L.N.E.R. laboratories was ended by the 
nationalization of all the railways, their main-line express 
locomotives each contained nearly 54 tons weight of non- 
ferrous metals and alloys. 

At the time of the nationalization of the railways the 
quantities of non-ferrous metals which they were using were 
probably as shown in Table I. 


Fig. 1—Main~line diesel locomotive (2,300 h.p.) for hauling express passenger and 


parcel services. ‘(Courtesy British Railways) 
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Table I—Consumption of Non-Ferrous Metals 





Wrought 
| (plates, tubes, wire, 
sheet, bars, etc.) 
Tons 


Cast 


Tons 





10,000 


3,775 
1,000 

(for batteries) 
400 


Bronzes 10 
Copper (not electrical) 5,000 
Whitemetals — 

Lead 750 
Brasses 600 
Zinc 140 _ 

Solders, etc. — 100 


Packing Metals — 70 
Monel metal 60 ne 





More recent figures (supplied by the B.T.C. Chief Supplies 
Officer) show the consumption of metals by British Railways 
to be as follow: 


Lead 

Antimony 

Tin sy 3 
Copper plate .. 
Monel metal 1948 145 a 177 
Steel 1948 582,800 . 1958 797,258 


Fifty years ago, each Chief Mechanical Engineer drew up 
his own list of materials of construction, on the basis of his 
own particular railway’s experience with the interplay of 
design qualities and the nature and reliability of such 
materials of construction as were available at reasonable 
prices. 

It must have been at the beginning of ihe fifty years period 
which we now have under review that British Standards, as 
we now know them, began to be prepared and promulgated 
by the British Engineering Standards Association (B.E.S.A.). 
That body was the forerunner of the now flourishing British 
Standards Instituuon (B.S.I.), whose specifications are now 
very widely used by the engineers of British Railways; indeed 
it is the accepted policy of the British Transport Commis- 
sion to refer to these specifications wherever possible for all 
the materials used in the construction and in the main- 
tenance of railway track and rolling stock. 

Fifty years ago, the railways of this country hauled, on 


1953/4 2,420 
1953/4 87 
682 

2,500 


1948/9 
1948/9 
1951/2 
1950/1 


2,050 
110 
634 

3,437 
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their own standard gauge lines, a motley of privately owned 
wagons of many shapes and sizes. Generally, their main 
frame, sides and ends were constructed from wood. If they 
“ran a hot box”, i.e. experienced an axle bearing failure, 
when running on the track of the main lines a catastrophe 
might result, of far more serious importance than the original 
bearing failure. 

Consequently, through the famous Railway Clearing 
House, agreements were hammered out in regard to the 
bronze for the bearings and for the whitemetal alloy with 
which it should be lined. These R.C.H. Standards applied 
to all privately owned wagons, which were generally manu- 
factured by independently owned non-railway firms of 
wagon builders. 

Since nationalization there has been in existence a com- 
mittee which has worked through all the many specifications 
of the former group railways for ferrous materials, They 
have chosen the appropriate British Standards and, where 
necessary, produced a new British Railways specification to 
pinpoint the alternatives or special details required. 

No such work has been required for the non-ferrous 
metals and alloys. 

When British Standards, which are of interest to the 
railways, come up for revision, the B.S.I. normally invites a 
representative of the B.T.C. The latest issues of the British 
Standards listed in Table II were in use at the formation of 
British Railways. 


Metallurgical Control 

Specifications are only of real value if they are taken 
seriously and that entails in the case of metals that there shall 
be, both on behalf of the producer and of the user, a properly 
controlled system of inspection. 

When the present writer took charge of the four labora- 
tories of the L.N.E.R. in 1930, they included in their staffs 
no assistant who had been trained as a metallurgist. During 
the next ten years the small “Metals Section” which he built 
up at Doncaster learned to know, and to be able to show at 
short notice, the chemical compositions, microstructures, 
and physical properties of every metal and alloy used by the 
L.N.E.R. 

Metallurgists were employed on the L.M.S.R. in three or 
four of their main works and they also built up, under Dr. 


Fig. 2—‘‘The East Anglian” express hauled by Type 4 2,000 h.p. diesel electric locomotive. (Courtesy British Railways) 
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H. O’Neill, a small team of metallurgists in their Scientific 
Research Department at Derby. 

After nationalization, the employment of works metallur- 
gists was extended until there were small teams of “Regional 
Works Metallurgists” available to the Locomotive, Carriage 
and Wagon, and Electrical Engineers in each of the six 
Regions; in each of these teams there has been included an 
expert on welding. 

The metallurgical work required for the Civil Engineers 
in connection with their structures, bridges and track and 
also the work required for the Signal Engineers has been 
handled by the Metallurgy Division of the British Railways 
Research Department. Its headquarters are located in 
Derby, but it has all-country responsibilities. 

Inspection in all the six Regions has been co-ordinated 
and linked together under a chief who is also located at 
Derby but responsible to the Chief Mechanical Engineer 
of the British Railways Central Staff. 

Stationary X-ray plants are available in some of the works 
and two railway coaches fitted as mobile X-ray Laboratories 
are employed, mainly for the training of welders or for on- 
site investigation of bridges. 
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Pure lead has also found a use as the fusible part of the 
safety fitting screwed into the top of the fireboxes. Known 
as a fusible plug, this device has contributed much to the 
maintenance of the truly amazing record of freedom from 
boiler explosions on British Railways. 

Many non-ferrous metals are used in the railway’s electro- 
plating shops, which employ anodes of brass, cadmium, 
copper, lead (hard antimonial for use in chromium plating), 
several varieties of nickel, silver and zinc. 

Metal-spraying did not exist in Great Britain fifty years 
ago, but it had been introduced as a commercial possibility 
when the present writer studied it and wrote about it in 
1925. From 1935 onwards he was able to test metal-spraying 
on steel for various railway purposes. Many promising 
uses of the process were nullified by the need for cleaning 
down to bare metal during the essential periodical inspec- 
tions. Unexpectedly, one of the most successful uses for the 
process turned out to be for building up the backs of worn 
press fit bushes. 

Most of the railway works now possess metal-spraying 
pistols which they use in repair and maintenance operations. 
Sprayed metal coatings of zinc or aluminium are now con- 


Table II—Some Specifications for Non-Ferrous Materials Used by British Railways 





B.S. No. | Title 





Title 





Copper and Brass (Railway Rolling Stock) 
Silver Solder 


Drop Forgings 
Soft Solders 
Zinc (fine) 
Brass Bars (High speed screwing and turning) 
Brazing Solder 
Hot Rolled Yellow Metal Plates, Sheet and Strip 


Cold Rolled Brass Sheets, Strip and Foil (Copper 64) 
Phosphor Bronze Bars and Rods 

Refined Nickel 

Hard Drawn Phosphor Bronze Wire 

Phosphor Bronze Sheets, Strip and Foil 





Brass Bars and Section (Suitable for Forging) and } 


Cold Rolled Brass Sheets, Strip and Foil (Copper 61-5) || 





Cored Solder, Resin filled 

Lead Pipes 

Lead Pipes (B.N.F. Ternary Alloy No. 2) 
Capping Metal for Wire Ropes 

Plain Sheet Zinc Roofing 

Seamless Brass Tubes 

Cold Rolled Copper Sheets and Strip 

Zinc Alloys for Die Castings 

Lead Pipes, Silver-Copper-Lead-Alloy 
Deoxidized and Arsenical Coppers 

Milled Lead Sheet and Strip 

Copper Alloy Ingots and Castings 

Aluminium Sections 

Aluminium and Aluminium Alloy Ingots and Castings 
Nickel and Nickel Alloy Bars, Rods and Sections 








Applications of Non-Ferrous Metals 


Copper and its alloys have been widely used. In the form 
of arsenical tough pitch copper it has been used almost 
universally and continuously for the locomotive firebox side 
and top plates, which are in direct contact with the heat of 
the fire. Scrapped firebox copper was used in the loco- 
motive works brass foundries for making such things as 
axlebox bearings, bushes for engine motion and side rods, 
boiler mountings, injectors and so on. 

Year by year, a growing tonnage of copper was used for 
electrical conductor wires, and this usage of copper by the 
railways is now being increased deliberately at an accelerated 
rate. 

Whitemetals were used for lining most plain bearings of 
the British Railways; although leaded bronzes were employed 
for the same purpose in America. ‘Tin-base whitemetal 
alloys were the most popular, but lead-based alloys have 
been used in increasing quantities in wagon bearings during 
recent years because of the wartime uncertainties as regards 
the availability of tin, and also on account of their relative 
cheapness in first cost. 

Lead has been used in increasing quantities, especially in 
the form of antimonial lead for electricity storage batteries, 
because this fifty years has seen the replacement of the older 
oil-gas incandescent mantle carriage lighting in all passenger 
couches, by the cleaner and much more convenient electric 
lighting. Hence all passenger coaches now carry one or 
more large lead-acid type storage batteries slung below their 
steel frarmes. 


sidered in competition with hot galvanizing with zinc for 
the protection of iron and steel against atmospheric corrosion 
(see B.S. 2565:1955) and such uses of non-ferrous metals 
as coatings have become of increasing importance because 
of the great tonnage of steel which will have to be exposed 
to atmospheric corrosion in holding up the conductor wires 
for the coming electrification of the main line railways. 


Reclamation of Scrap 

It was estimated some years ago that 27,000 tons of non- 
ferrous metal scrap, worth about £3,000,000, were produced 
each year by the machining operations and breaking up and 
repair programmes of the locomotive carriage and wagon 
works of British Railways. 

As much as possible of this metal was reclaimed for re-use, 
so long as that could be done without complicated refining 
processes. 

The L.M.S.R. carried this work of scrap collection and 
segregation furthest with their Central Reclamation Depot 
at Derby, but all the railways had systematic schemes in 
operation. 

In this way, whitemetals, packing metals, brass and 
bronze turnings and castings, zinc sheet, lead sheet and pipe, 
copper wire and cable, whitemetal dross, shop sweepings 
and so on were all dealt with. 

Thousands of tons of renovated whitemetal ingots and 
of brass and bronze ingots thus returned to the railway 
foundries each year. 

At the time of nationalization there appeared to be an 
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Dependable quality, keenly competitive prices, and prompt de- Brass, Gunmetal 
liveries—all play their part in ensuring that unrivalled first-class Manganese Bronze 
service always rightly expected of Leopold Lazarus Limited. Our Aluminium Bronze 
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A PROBLEM 
SOLVED! 


With aluminium castings the 
knocking-out of cores can become 
a foundry nuisance and problem. To 
the foundry which made this gravity 
die cast aluminium gas burner, the 
problem was threefold. 


1. The core had to be strong enough 
to withstand gravity die cast con- 
ditions. 


2. The core had to liberate the 
minimum amount of core gases, 
otherwise the casting would not 
withstand the final gas pressure tests. 


3. The burnt core had to be with- 
drawn through the small diameter 
gas burner holes which were only 
fs in. in diameter. 


Supinex ‘R’ cores solved these three 
problems and particularly the third 
one which was the major problem. 
Each casting was taking five minutes 
for the de-coring operation. With 
the use of Supinex ‘R’ cores this 
problem completely disappeared as 
by the time the castings had cooled 
down the burnt core sand began to 


SUPINEX “R” 


The core binder with the amazing knock-out properties. 
Low price reducing your costs per ton of core sand. 


DEVELOPED AND MANUFACTURED BY 


Telephone: LONDON WALL 7222 (4 lines) 


Cables: Foundrimet, London. Telegrams: Foundrimet, Telex, London. 


Factory: Concordia Works, Poplar, London, E.14 
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Fig. 3—“The Elizabethan’”’ hauled by Class A4 locomotive “Silver Fox’’. 


excellent opportunity to set up Works Metal Scrap Depots 
and Regional Metals Reclamation Depots of modern design. 

However, the rhythm of non-ferrous metal purchase, use, 
reclamation and re-use has been seriously upset by the 
decision to abolish the steam engine. 

With diesel engines made in many non-railway factories, 
the scrap arising in the future wiil be more varied. Yet the 
maintenance of diesel and electric engines will be done in 
railway works. Hence railway non-ferrous metal scrap will 
in future be more varied. 


Compositions of Alloys Used 

Rule of thumb and the inherited practical experience 
helped the foremen of the many railway brass foundries to 
produce satisfactory castings, not always, of course, but each 
foundry had its own formulae. 

When the writer was told to make recommendations for 
the bronzes, brasses and whitemetals to be used by the 
L.N.E.R. he was informed of many attempts which had been 
imade to assess the service life to be attained by this or that 
alloy. All too often these tests on the track had proved 
nothing. Eventually, in 1933, he put forward seven com- 
positions for cast bronzes or brasses, and two for white- 
metals, and these were promulgated by Sir Nigel Gresley 
for use in all the L.N.E.R. locomotive, carriage and wagon 
works. 

About the same time, the other three group railways pro- 
duced their own standards, but practice varied somewhat 
from railway to railway. Thus the G.W.R. had only one 
bearing metal for locomotives, carriages and wagons; the 
L.N.E.R. had two, and the L.M.S.R. had four. 

During the next eight years there were few changes and 
the railway non-ferrous practice gradually benefited from 
the measures of standardization achieved. 

Shortage of tin during the 1941-6 period brought about 
wartime modifications and in order to reduce the quantity 
of tin used, the well-known 85-5-5-5 alloy came to be 
employed in the place of alloys which had contained in 
pre-war practice 13 per cent, 10 per cent or 7 per cent of 
tin. Experience seems to have shown that these higher tin 
contents were justified for railway work. From that it came 
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(Courtesy British Railways) 





Fig. 4—“The Merchant Venturer’? train at Wootton Bassett running on 
flat bottomed track. (Courtesy British Railways) 


about that the L.N.E.R. reverted to its pre-war compositions 
of bronzes before 1948. 

The other companies were less quick to act before the 
Transport Act of 1947 introduced the Railway Executive to 
manage, operate and maintain the whole of the main-line 
railways, on behalf of the British Transport Commission 
which the Government had just created. 

There were at that time seventeen brass foundries, which 
through the four group railways the Railway Executive had 
inherited from the many formers private railways. Between 
them they were casting no less than 37 different compositions 
of copper-based alloys. Outstanding from these were the 
85-5-5-5 and the 13-25 per cent tin phosphor bronze. The 
L.N.E.R. used the latter for the solid bronze axleboxes of 
many of its most famous locomotives, one of which held the 
world record for speed by a steam locomotive. 

The more complex high tensile brasses and aluminium 
bronzes were not used because they gave trouble in the 
foundries and in service. 


E* 
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These were some of the facts to be considered when the 
writer was made chairman of the Railway Executive com- 
mittee which was set up to report on what non-ferrous 
metals were being used on rolling stock, what reclamation 
of scrap was being done, and to recommend the alloys and 
practices which should be used in the future. 

There is a fundamental difference in practice which must 
be borne in mind in this connection. Whereas most engin- 
eering component makers have a one-way traffic, they make 
their product and send it away, the railways always have 
much maintenance work in which their own components 
return to them as scrap for re-use or sale as may be most 
economical. In this way, much scrap of known constant 
composition has in the past been available to the railway 
foundries. With simple standard mixtures such remelting 
practices can be exceptionally economical. 

For whitemetals, the simplest policy was that of the G.W.R. 
and the writer would have liked to adopt their single alloy, 
but it was decided otherwise, and the four bearing metals 
which have been used by British Railways during recent years 
are as listed in Table ITI. 

For bronzes and brasses cast in their own foundries 
British Railways have during recent years endeavoured to 
keep to the five alloys listed in Table IV. 

As a general indication of what these five alloys are used 
for it may be said that No. 1 is for slide valves, unlined 
bushes and machinery details; No. 2 is for the slide valves 
of unsuperheated engines; No. 3 is for steam and boiler 
mountings, axleboxes, lined bushes and brasses, carriage 
and wagon bearings and so on; No. 4 is used for name and 
number plates, carriage fittings and such purposes; and 
Neo. 5, as its name implies, is used for fittings which are to be 
brazed on to copper or steel pipe 

For wrought non-ferrous alloys reference is made to B.S. 
specifications such as those listed in Table II. During this 
period hot stampings or pressings of B.S. 218 have replaced 
the traditional railway bronze castings; for example for the 
bodies of fusible plugs and for washout plugs. 


The Future 

This review of the changes in practices which have 
occurred during the last fifty years naturally invites some 
forecasting of the changes which are to come. Railway uses 
of these metals were centred about the steam locomotive, 
which was made and maintained in the railway’s own work- 
shops. The Chief Supplies Officer of the B.T.C. has noted 
that copper plate consumption on British Railways dropped 
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Table I1I—White Metal Bearing Alloys Used by British 
Railways 


| | 
1 2 3 
| High-tin | High-tin | Lead-tin | 
| Lead-free Low-lead base 





Chemical 
Composition 





| 
| % | 
Tin 58-60 | 
Antimony 9-11 9-11 
Lead 0-2 max. 27-29 


4-6 2-4 
0-30 0-35 


no | 
/o | 
84-86 | 


Copper 
Total impurities 
max. 





| 0-40 





Table IV—Bronzes and Brasses Used by British Railways 





Chemical 1 2 3 4 5 
Com- Phosphor Leaded Leaded | Yellow Brazing 
position Bronze Bronze Gunmetal Brass Metal 





% % 9 
87-5 67°5 

12 5 
—_ 26 


Copper 
Tin 
Lead 
Zinc 
Others 





%o 
90 
10 


PO-15 Nil-5 


min. 





from 3,437 tons in 1950/1 to 2,500 tons in 1958. Even 
without the introduction of the internal combustion engine 
and of the now inevitable electrification, there would have 
been notable changes. 

Steel fireboxes are lighter in weight and they become 
essential for the higher steam pressures to which design must 
tend, and with properly controlled boiler water treatment 
they last longer than do the copper boxes as now used, more- 
over the steel boxes are cheaper. The use of copper for 
locomotive firebox plates and stays was therefore on the way 
out in several countries even before the decision to build 
no more steam locomotives for the main-lines was published. 
In a number of years’ time there will be no more call for 
the successful, and recently increased to 177 tons per annum, 
use of Monel metal for locomotive boiler stays. 

Plain bearings of non-ferrous metals reigned supreme fifty 


Fig. 5—2,500 h.p. Bo-Bo 
electric locomotive for use on 
the third rail D.C. electrifi- 
cation of the Kent Coast lines. 
(Courtesy British Railways) 
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Fig. 6—Electrification on the Manchester-Sheffield-Wath lines 1,500 volt D.C. Overhead with rail return 


years ago in railway practice. Now ome may see various 
kinds of roller bearings, all made from steels, in steam, 
diesel, and electric locomotives, in electric passenger stock 
and in modern high speed freight vehicles. Some white- 
metalled bronze bearings and exotic sintered materials may 
find a place in future railway practice but more and more 
roller bearings will be employed in the material ordered for 
the modernization of the railways. 

All the coming electrification will require copper; in 
vehicle motors, pantographs, switchgear, conductor wires 
and soon. The overhead electrification of the main-lines in 
Great Britain and in many other countries will require a 
very great tonnage of copper, and much more copper will 
be required quite soon as electrification spreads to all 
signalling and other ancillary services. Overhead equipment 
for the 25 kV, 50 cycles electrification of the two main line 
routes from London to the North will contain well over 
10,000 tons of copper and cadmium-copper conductors. 

Fifty years ago there was no welding of copper for loco- 
motive firebox plates and stays; the plates were all riveted 
and the stays screwed and riveted. 

Many troubles had been encountered whenever attempts 
were made to weld arsenical tough pitch copper plates in 
fireboxes.. Then led by the G.W.R. at Swindon in the 1930s 
a change was made to the use of deoxidized arsenical copper, 
which gave less trouble in welding. Hence, despite the 
relatively great heat and electrical conductivity of copper, 
which complicates the process, welding of copper will be 
practised, not, however, to the exclusion of the long estab- 


lished and very convenient riveting process which is still 
widely used in normal maintenance. 

Experiments with aluminium alloys in railway work have 
been disappointingly slow for the producers of these alloys, 
but the use of unpainted aluminium bodywork for the latest 
trains on the London Underground Railways of the L.T.E. 
has brought aluminium into the railway field in a very 
notable manner. Aluminium has also been used in light- 
weight diesel multiple unit stock for passengers, British 
Railways Carriage and Wagon Works, Derby, having 
recently produced their 414th car in aluminium alloy since 
1954. Its further employment will hinge on comparative 
costs now that its availability and engineering properties 
are better appreciated. 

Aluminium and zinc will be more widely used in the form 
of corrosion resistant coatings for the protection of steel and 
for reducing the costs of repainting. As routine maintenance 
costs attract more attention the preliminary galvanizing, or 
metal spraying of railway components, will use up more of 
these two metals. 

Non-ferrous metals enter railway service in a great variety 
of proprietary articles, so it is not possible to give accurate 
figures for the tonnages in use. 

But in railway engineering it is the rule that steel requires 
to be associated with non-ferrous condensers, radiators, 
electrical conductors, and so on. Hence, when the British 
Railways increased their consumption of steel from 582,800 
tons in 1948 to 797,258 tons in 1958, they correspondingly 
increased their consumption of all the non-ferrous metals, 





1909 - 1959 


NON-FERROUS METALS 
IN THE 


IFTY years ago, the motor industry was still in its 

infancy, but showing distinct signs of very healthy 

development. In the year 1909, a total of 11,000 motor 
cars and commercial vehicles was produced in Great Britain 
and in three years this figure was more than doubled at 23,000 
and trebled by the following year. Although the First World 
War undoubtedly halted the phenomenal increase in out- 
put, it provided a sound reason for the general acceptance of 
the motor vehicle for rapid transportation. The first decade 
after the war saw a steady increase in output, followed by 
a rapid increase in the first part of the second decade due to 
the general adoption of mechanization by the motor industry. 
This increase was slowed down in the latter part of the 
decade as the nation geared itself to war production, and 
output subsequently fell to the level necessitated solely by 
the demands of the armed forces for the period covered by 
the Second World War. Immediately hostilities ceased, the 
motor industry made an amazing recovery and from 1946 
output has increased almost by arithmetical progression, as 
can be seen by reference to Fig. 1, reaching the amazing 
total of 1,364,000 cars and commercial vehicles for 1958, this 
total excluding a further 200,000 agricultural tractors. 

it is of interest to trace the relationship between the con- 
sumption of the major non-ferrous metals and the output 
of motor vehicles in Great Britain during most of the period 
under review, and of their price in relation to average wages 
paid in the engineering industries. Reference to Fig. 1 
shows that during the period of the Second World War there 
was a phenomenal increase in consumption of metals with 
a fall in car output. The resumption of normal conditions 
caused the curve to assume a similarity to pre-war form, 
but with a much more rapid increase in car production than 
in metal consumption. The somewhat wild fluctuations in 
the price of metal during the period of the first world war 
and also more recently during the period of the Cold War 
are shown in Fig. 2, but it is particularly interesting to note 
that the increase in car prices has been proportionately lower 
than either the increase in wages of recent years or the 
increase in certain metal prices, an indication that the best 
use is being made both of labour and of materials by the 
motor industry of this country. 

During this period of development and expansion of the 
motor industry, the whole conception of design and styling 
and methods of production have undergone revolutionary 
changes, as have consequently both the type of materials 
employed and their application. The industry commenced 
with the building, in the latter part of the last century 
and the first decade of the present century, the horseless 
carriage, in which the body shape and style of the horse- 
drawn conveyance were retained to a considerable extent. 
From this type of vehicle the landaulette developed, with the 
engine where the horse might have been expected, a good 
example of such a vehicle being the 1908 Austin landaulette, 
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Automobile 
Industry 


by R. J. BROWN, 
F.I.M., A.M.1I.Mech.E. 


Chief Materials Engineer, British Motor Corporation 


Fig. 3—1908 40 h.p. Austin Landaulette 


shown in Fig 3, in which the body construction was of 
materials normally used for horse-drawn vehicles, largely 
timber framing with steel reinforcements, upholstered with 
leather over hair stuffing and embellished with brass fittings 
and lamps. The power units and transmissions of that 
period were of heavy construction, although the engine had 
become a miulti-cylinder unit, but of large bore with a 
massive gear train to transmit the power developed, using a 
leather surface clutch and a transmission brake coupled to 
the propshaft; in the earliest vehicles, rim brakes, as used on 
horse-drawn carriages, had been retained. 

Examples of the evolution of the motor car during the 
past 50 years are shown in Figs. 4 to 7, and probably of 
particular interest are the baby cars shown in Figs. 6 and 7, 
both of which made their mark with the motoring public and 
were, or are being, produced in vast quantities, approximately 
300,000 Austin 7 h.p. cars having been produced between 
the years 1922 and 1939, and over 750,000 Morris Minors, 
excluding vans, from 1948 to the present time. 


Copper and Copper-Base Alloys 

These materials comprised the bulk of the non-ferrous 
metals used in the early motor car, for such applications as 
inlet manifolds, water pipes, fuel and oil pipes, lamp 
brackets, door handles, hinges and windscreen and window 
frames. More important components, such as the rear drive 
gear, were also made of copper-base alloys as were the many 
bushings and bearings. The majority of these parts were 
manufactured from castings, and their total weight in rela- 
tion to that of the vehicle was quite high. Fifty years ago 
the labour content of the finished vehicle was extremely high 
and therefore the material content and cost of materials was 
somewhat less important than it became with the advent of 
mass or quantity production and the more recent adoption 
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of automation. The provision of electrical equipment 
ensured regular consumption of copper, electric lighting sets 
having been produced by Lucas as long ago as 1910, and 
complete equipment comprising generator, starter, battery 
and lighting in 1912. 

The use of this class of material for automobile engineering 
purposes has now become restricted to those components 
and applications for which no alternative material is satis- 
factory; this is largely owing to its high relative cost, but it is 
keyed also to the progressively increasing knowledge of 
lower priced alternative materials and finishes. Whereas 
the early motor car was made decorative by the judicious 
use of copper and its alloys, the modern car makes little 
apparent use of these materials, although they do comprise 
some 40 lb. weight per motor car, of which some 20 Ib. is 
to be found in the radiator, 10 1b. in electrical equipment, 
and 10-15 1b. in miscellaneous parts such as bushings and 
unions. The primary use of unalloyed copper is in the 
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Above: Fig. 1\—Motor vehicle output in relation to consumption of non- 
ferrous metals. Records based on average per three-year periods 


Fig. 4—1913 Morris open tourer 


electrical system for wiring; whereas copper pipes were 
originally used for brake and fuel lines, this application has 
been replaced by the adoption of “Bundy” tubing, which, 
however, makes use of copper as the brazing medium for 
the continuously cold-formed pipe, as shown in Fig. 8. 
Brass is used mainly for radiator construction, for 
thermostat bellows, and for pipe unions, and a certain 
amount is still used as the basis for bright plated trim, but 
Owing to its relatively high cost it is being largely replaced 
with stainless iron or anodized aluminium. Aluminium 
bronze is used to a limited extent for engineering com- 
ponents, particularly in the gearbox for selector forks. A 
considerable tonnage of gunmetal and phosphor bronze was 
used in the cast form for bearings and bushings and for 
worm gears in the early days of the motor industry, the 
castings employed being relatively massive in form, but 
these have largely given way to cold formed bushes 
produced from phosphor bronze strip or to sintered powder 


Below: Fig. 2—Motor vehicle prices in relation to wages and non-ferrous 
metal prices 
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Fig. 5—1959 Riley 4/68 saloon 


bushings, and the bulk of worm gears has been replaced by 
the spiral bevel and hypoid types of gearing for rear axles. 

Copper-lead bearings have, to a considerable extent, 
replaced the tin-base Babbitts used so extensively during 
the past 50 years in the motor industry; they have the 
advantage of much higher fatigue strength, and modern 
methods of production have been developed which are not 
only economically advantageous but also enable a much 
better control to be exercised over the structure of the 
bearing metal. Copper-lead bearings are a necessity for 
high performance engines owing to the relatively low fatigue 
strength of tin-based Babbitt, and they perform quite satis- 
factorily when used in conjunction with steel journals of 
intermediate hardness, although early experience with this 
class of bearing had given rise to the belief that only 
journals having a very high surface hardness would operate 
successfully. Individually cast bearings may have a pro- 
nounced dendritic structure, but when carefully produced 
their structure is as shown in Fig. 9; continuously cast strip 
has a similar structure, lead segregation in both processes 
being prevented by the intentionally rapid cooling rate. A 
very high proportion of this type of bearing, however, is 
produced from steel having a sintered alloy coating, the 
sintering process of coating making possible the successful 
production of bearings having a high lead content, a typical 
structure being shown in Fig. 10. 

Future developments of power units, possibly incor- 
porating aluminium cylinder blocks, may necessitate the 
general use of high duty bronze valve set inserts and valve 
guides, such alloys being basically aluminium bronze with 
additions of nickel and iron; at the present time, they are 
used only for special and high performance engines. 

Porous bronze bushes impregnated with oil were first 
adopted by the Austin and Morris companies in 1934, their 
use being limited to relatively light duty applications. 
Other powder metal products used include filter elements 
with closely controlled orifice size, roller bearing cages, 
door catches, etc. Also of interest are the porous bronze 


Fig. 6—1922 Austin 7 
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bushes impregnated with tetrafluoroethylene, the porous 
base providing adequate support for the relatively low 
strength P.T.F.E., and at the same time a reservoir for 
replacement of the surface layer should it be damaged in 
service. 


Aluminium 

An early example of the application of aluminium alloys 
in a mass-produced vehicle was the Austin 7, in which no 
less than 26 separate aluminium castings were employed 
and which also incorporated liberal use of aluminium 
panelling in the body structure. 

Prior to World War I, high priced cars made use of light 
alloy castings for the crankcase, gear box casing, rear axle 
housing, water pump, steering box and steering wheel, and 
also for body panels. In the period following that war, 
certain high performance cars employed aluminium cylinder 
blocks, and aluminium pistons became accepted as standard 
equipment. However, it is only in the period following the 
Second World War that aluminium alloys have made any 
great headway, on a tonnage basis, raw material costs 
having held back the widespread adoption of this versatile 
metal. Popular cars in the middle price bracket, of which 
the Austin A55 and Morris Oxford are typical examples, 
contain up to 40 lb. weight of aluminium alloys in the form 
of crankcase, gearbox casing, rear axle casing, pistons, etc., 
whereas the overall average, including commercial vehicles 
in which a much greater proportionate weight of aluminium 
is used, is approximately 80 lb. 

The general adoption of aluminium alloy pistons as a 
replacement for those of cast iron resulted from the fact 
that the advantages more than outweighed the increased 
cost. The advantages arise from reduced stresses on the 
bearings and crankshaft, better cooling of the piston crown 
with consequent reduction in carbonizing of the oil, and 
associated reduction of oi! consumption. The early piston 
alloys were of the L8 (12 per cent copper type), sub- 
sequently replaced by Y alloy, which possessed higher 
hardness at working temperature, together with greater 
strength; this was later replaced, about 1934, by the Lo-Ex 
alloy, which has as its main attributes excellent hot strength 
and hot hardness, with the lowest coefficient of expansion 
for those types of aluminium alloy suitable for pistons, so 
that piston clearances could be reduced, thus overcoming 
troublesome piston slap, which occurred as the result of 
excessive clearance between the pistons and bores when the 
engine was cold. The closer fitting of pistons, however, 
gave rise to non-uniform expansion leading to local seizure, 
and this was partly overcome by attention to design and 
partly by surface treatment to reduce frictional effects, these 
latter being either anodizing to provide a highly absorptive 
oxide film coupled with high surface hardness, or tin plating 
by conversion from a sodium stannate bath to provide a 
soft low friction surface. 

The early general purpose casting alloys used were of 
the L5 type (124-14! zinc), having a tensile strength of the 
order of 11 tons/in® when chill cast, but the bulk of general 
engineering castings used by the motor industry are now 
in LM4 or LMI, with a tensile strength of a similar order. 

Apart from stressed applications, aluminium is now 
finding increasing use as a decorative trim material; its main 
feature is its inherent corrosion resistance, but to obtain 
the necessary scratch resistance it has to be anodized. 
Whereas interest on the Continent has tended to centre on 
the use of super purity material (99-99 per cent) alloyed 
with 1} per cent magnesium, economics have dictated the 
use of a lower purity base of at least 99-7 per cent, which, 
by careful production and processing, provides a finish at 
a competitive price comparable to that of chromium plate. 
The future will undoubtedly see the increasing adoption of 
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aluminium trim as supplies of suitable material become 
available, and as the motor car body designer learns to 
accommodate its somewhat lower strength, which necessi- 
tates additional care in handling, both during production 
and in assembly. As an alternative to a highly reflective 
trim, commercial aluminium of 99-5 per cent purity, with 
or without the addition of magnesium, can provide a bright 
satin finish, which has so far been little used. 

Possibly the greatest interest at the present time centres 
on the future of aluminium alloys for motor vehicle engines, 
for the cylinder block itself. Such an application is far 
from new; as early as 1898 aluminium crankcases were used 
for the de Dion Bouton engine, aluminium pistons in 1913 
in DFP cars, and 4 or 6 cylinder engines for “all-aluminium 
cars” of an experimental type. In the immediate postwar 
period, aluminium cylinder blocks have only been used for 
high priced high performance cars with, generally speaking, 
wet ferrous liners, and aluminium heads with cast iron 
cylinder blocks for sports cars. It is only during the last 
two or three years that serious interest has developed in the 
possible application of mass produced aluminium engines, 
largely as the result of the constant demand in the U.S.A. 
for engines producing even higher power output having 





Fig. 7—1949 Morris Minor 


made the front end of American motor cars excessively 
heavy; at the same time the possibilities have not been 
overlooked in this country and the aim on both sides of the 
Adlantic is to produce lightweight engines of higher efficiency 
having the pistons running direct in aluminium bores. The 
initial cost for the mass production of aluminium cylinder 
blocks is likely to be high, but increased “know-how” should 
result in satisfactory economics, having regard to the close 
dimensional tolerances which can be maintained in the 
castings as compared with cylinder blocks in grey cast iron, 
and that it is possible to core out many holes which at 
present have to be machined. It is probable that early 
supplies of aluminium cylinder blocks will be gravity 
die-cast. The advent of new refining processes has made 
hyper-eutectic silicon alloys of immediate interest, although 
it is possible that surface treatment may be required to 
provide the necessary frictional characteristics. 

Aluminium panelling of motor car bodies has been used 
from the relatively early part of the period under review, 
although primarily in the high priced car field or in the 
commercial vehicle trade; this is due not only to the higher 
relative cost of aluminium and aluminium sheet as com- 
pared with steel sheet, but also to problems which arise in 
fabrication and in paint finishing, both of which incur added 
capital and production costs. In the commercial vehicle 
market, aluminium for panelling and for vehicle framing 
has been virtually a necessity in order to provide an economic 


pay load. 
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Aluminium bearings have teen used to a limited extent 
in the cast form for many years on the Continent, but the 
development of bi-metal steel-backed aluminium alloy 
bearings is relatively recent and is largely a British develop- 
ment; such bearings possess performance characteristics 
approximately mid-way between those of tin-base Babbitts 
and copper-lead bearings, having excellent fatigue resistance 
associated with an appreciably lower hardness than that of 
copper-lead bearings, making it possible to run relatively 
soft shafts successfully. 

While there is no great difficulty in the production of 
satisfactory aluminium radiators, this application is 
uneconomic at the present time. 

One interesting application of aluminium is the “silvering” 
of headlamp reflectors, in which a pressed steel shell is 
coated with lacquer, the reflective surface vacuum-coated 
with aluminium and the surface subsequently sealed with 
a clear lacquer, this type of reflector having replaced the 
earlier silver plated reflectors which had only a limited life. 


Tin 

This metal has been indispensable in the development of 
the motor industry as a constituent of bearing bronzes, white 
metal bearings, and of solders, and to a limited extent as a 
corrosion protective. The bulk of tin used has been as a 
constituent of the soft solders used in the manufacture of 
radiators and for lead filling the bodies, to which reference is 
also made in the section relating to lead. 

The most important engineering use of tin is in the 
bearing field, as a constituent of the many bronzes used for 
bushes and thrust washers, but principally in the white metal 
bearings used in the engine. Babbitt-lined bearings were 
in use prior to the First World War, the white metal being 
statically die-cast into heavy bronze shells; the lining was 
of considerable thickness, as it was considered that this pro- 
vided an adequate degree of alignability and embeddability. 
About 1920, centrifugal lining direct into connecting rods 
was first adopted and die-cast as well as centrifugal-cast 
shells are still being produced. 

Steel shells were introduced to replace phosphor bronze 
or gunmetal shells about 1928, and continuous casting of 
bi-metal strip commenced about 1934. At the present time, 
the majority of white metal bearings used in the motor 
industry are produced from such strip by cold forming and 
subsequent machining. The introduction of continuous 
cast strip was coincident with the adoption of thin shell 
bearings, with a lining thickness of about 0-02 in.-0-03 in. 
but micro bearings as used at the present time with a lining 
thickness of 0-004 in.-0-007 in. were not introduced until 
about 1948. Apart from the economics of the thinner linings 
the bearings provided much greater resistance to fatigue, any 
flexure occurring in service producing a much smaller stress 
in the lining than is the case with a heavy lining. The 
reduction in lining thickness was, in general, associated with 
reduced shell thickness, so that whereas from 1925 shell 
thickness ranged from } in. to }in., and in some cases down 
to } in., this was reduced to a maximum of about 0-100 in. in 
1934 with the advent of the continuously cast bi-metal strip, 
and for the current “micro” bearing the shell thickness is 
even less. 

In the past, a certain amount of tin has been used as a 
constituent of the coating of terne plate used for petrol tanks; 
an appreciable amount of tin is employed as a constituent of 
solders for electrical connections and to a steadily reducing 
extent for other soldered joints, the tendency being to replace 
soft solders with hard solders wherever there is danger of 
stressing. One widespread and extremely valuable applica- 
tion of tin, even though consumption of the metal is 
infinitesimal, is its direct deposition by chemical substitu- 
tion on the surface of the aluminium pistons, where its low 
hardness and low frictional characteristics enable successful 
running-in to take place without pick-up occurring between 
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the piston and cylinder bore; the alternative is to anodize 
the piston surface. 


Zinc 

The early use of zinc was confined to its incorporation as 
an alloy constituent in brass and related alloys, but since the 
introduction of the pressure die-casting process it has found 
increasing use for lightly stressed engineering applications 
such as carburetter and fuel pump bodies and for body 
hardware, such as door handles and hinges, and for 
decorative items such as grilles and body mouldings; it is 
interesting to note that carburetter bodies in zinc alloy were 
produced as early as 1920, although it was many years before 
it found widespread use for this purpose. 

The primary reason for the widespread adoption of zinc 
alloys was their good casting properties, and the ability to 
produce intricate shapes to close tolerances; the economic 
production of these castings resulted from the relatively low 
melting point of the metal, giving long die life. The 
excellent casting finish and the close tolerances which can be 
maintained made little or no machining necessary, and the 
ability with which steel inserts could be cast in position was 
an added attraction. The very great attraction of pressure 
die-cast zinc alloy components can be appreciated if con- 
sideration is given to the fact that 60 per cent of the total 
production is absorbed by the motor industry. 

Zinc has also found considerable use as a protective coating 
for the various forms of fasteners used by the motor 
industry; in the early days of the motor industry, most of the 
bolts used were purchased in either the bright or black 
oxidized condition, any protection arising from a surface film 
of oil, but this was subsequently replaced with sherardizing 
for bolts subjected to particularly corrosive conditions, and 
this has now given way to the general application of electro- 
deposited zinc. Zinc plating for protective purposes is also 
applied to door lock mechanisms, although as a matter of 
convenience such protection may also be provided by tin or 
tin alloy coating. 

Zinc is also used to a limited extent as an interleaving 
material for leaf springs, in order to provide greater service 
life by virtue of the sacrificial protection it affords against 
corrosion and to the reduction which it promotes in the 
frictional effects between the spring leaves; it is also exten- 
sively used in zinc dust welding primers, the zinc dust 
providing corrosion protection along the welded joints, the 
conductivity of the metal particles making welding possible. 

If equivalent results, particularly from the economic 
aspect, could be obtained with pressure die-cast aluminium 
alloys suitable for bright anodizing to give a _ highly 
reflective surface, the use of zinc die-castings for bright trim 
items and body hardware which are finished with an electro- 
deposit of nickel and chromium would wane. 


Lead 

In the early part of the period under consideration, when 
the body structure was a composite of wood and metal, the 
use of lead was limited to its incorporation in solders for 
the construction of such components as radiators and lamps, 
and its incorporation in brass for the promotion of free 
machining properties. The introduction of the storage 
battery in 1910 for the lighting system increased the usage 
of this metal very considerably, and the consumption was 
still further raised by the introduction of the all steel body 
in the mid-1930’s, necessitating the use of solder for the 
filling, popularly known as “lead loading”, of external 
welded joints, in order to provide an unbroken surface for 
subsequent painting. 

The early petrol tanks of motor cars were made of tin 
plate, but over the years this changed to terne plate, and at 
the present time the majority of motor cars have petrol tanks 
produced from uncoated steel, their external surface being 
adequately protecied by an organic finish, and the internal 
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surface requiring no protection; it is possible that the 
satisfactory life now obtained with uncoated steel is due to 
the better control of the quality of the supply of the fuel, 
but where petrol tanks have to be stored prior to assembly 
the internal surface does have to be protected against 
atmospheric corrosion by coating it with some form of 
temporary protective. A further reason why either tin- or 
terne-coated sheet was originally used lies in the fact that 
the petrol tank was a soldered assembly, whereas the 
modern fuel tank is of welded assembly and coated metals are 
not the most desirable material for this method of fabrica- 
tion, owing to fouling of the electrodes by the protective 
metal coating, and additionally the protective value of the 
coating is impaired in the vicinity of the welded joint. 

The most recent use of lead is for copper-lead bearings, 
which have already been referred to in the section relating 
to copper; the lead content of these bearings ranges from 
20-40 per cent, and they have an additional plated overlay 
of either lead-tin or lead-indium alloy to provide a satis- 
factory surface for initial running, and also give protection 
against corrosion from organic acids in the lubricating oil 
resulting from the effects of combustion. 

The most consistent use of lead over the years, apart from 
the battery, has undoubtedly been as solder for the radiator 
block; in this assembly, for which dip soldering is employed, 
the majority of the solder used occurs as a coating for the 
whole assembly, only a proportion being actually necessary 
for the jointing requirements. A further considerable use 
of lead is for the soldered joints in the many electrical 
connections. 

Magnesium Alloys 

Experimental work on the adoption of magnesium alloys 
by the motor industry commenced in 1925, and the material 
was adopted for engine sumps by London Transport in 
1930; it can therefore be regarded as a comparatively new 
metal in the motor industry, and its consumption is still 
relatively low. It is more extensively used for commercial 
vehicles than in the private car side of the industry, owing 
to the necessity for keeping dead-load at a minimum, so 
achieving maximum pay load; its use for motor cars has 
been somewhat spasmodic, depending upon the relative cost 
of magnesium and aluminium alloys as castings. Thus, 
although the basic price of magnesium alloys might be 
higher than that of aluminium alloys, the price of the 
component could well be lower owing to the lower density 
of the material. One disadvantage of magnesium alloys is 
their relative corrodibility, making special surface treatments 
necessary, but it would appear from experience that 
corrosion is somewhat less of a problem than was at first 
feared, and there is little doubt that magnesium alloys could 
well have a great future in the light car field, if due con- 
sideration is given to its lower modulus of elasticity and 


Fig. 8—Section through “Bundy” tubing 500 
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NEWCASTLE-ON-TYNE 


Power Stations, Chemical Works and Food 
Processing Plant rely on heat exchangers 
whose efficiency and durability depend on 

high quality stainless steel tubes. 
Such tubes are produced at the works of 
the Talbot Stead Tube Co. Ltd., who have 
recently installed a 6750 c.f.h. Birlec roller 
hearth furnoce which anneals 40 tons of 
finished stainless steel tubing each week. 
The furnace works continuously for 5 days 
out of 7, and allowing for interpass work, 
the weekly throughput averoges 100 tons, 
in sizes ranging from 1"—8” dia. and thick- 
nesses from 18 gauge to §”. The furnace 
has six clutches and two brakes which 
permits it to be controlled remotely by elect- 
ronics for any required operating sequence. 
*The cost of a furnace is not necessarily 
its purchase price. Even a brief interruption 
in production may cause severe losses in 
output and serious inconvenience. The pur- 
chaser of a Birlec furnace can be confident 
that the equipment will not only meet his 
specification, but will give uninterrupted 
trouble-free service. 
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COPPER 


LOGAS 50 is the most efficient and inexpensive 
way to degas copper and its alloys. 
Supplied in briquette form, in various 
sizes. Safe, non-toxic, LOGAS 50 . 
improves mechanical properties, 
eliminates gas porosity due to hydrogen. 


ALUMINIUM 


For efficient degassing of all aluminium 
alloys Foseco DEGASER tablets are 
recommended. Quick, easy, safe degassing, 
requiring no complicated or expensive 
equipment. Available in various types 
to suit all alloys and furnaces. 


FOUNDRY SERVICES LIMITED, LONG ACRE, NECHELLS, BIRMINGHAM, 7. 
Telephone: EASt 1911 (10 lines) Telegrams: KUPRIT Telex Birmingham. 
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Fig. 9—Microstructure of statically cast copper-lead bearing x 120 
(Courtesy Glacier Metal Co.) 


higher co-efficient of expansion, as compared with aluminium 
alloys. 

Magnesium is, of course, widely used as an essential alloy 
constituent of the majority of the high-strength heat- 
treatable or corrosion-resistant aluminium alloys. 


Nickel 

This versatile metal is so widely used as an alloy 
constituent of both ferrous and non-ferrous materials that 
reference here wiil be confined to its use either in its own 
right or to its use in non-ferrous materials. It has made a 
very great contribution to the success of the motor industry, 
owing to its effect in promoting greatly improved mechanical 
properties in both ferrous and non-ferrous alloys; possibly 
its earliest use in the motor industry was as nickel silver for 
body hardware items, although brass and brass plated fittings 
were in vogue until 1915. This brass finish was replaced by 
nickel, as an electro-deposit, at a very slow rate during the 
period 1915-1922, being applied as a dull deposit requiring 
mechanical polishing, and subsequent maintenance by the 
car owner to retain its early lustre. From 1922 nickel-plated 
radiator shells became standard fittings, and the deposit 
was subsequently enhanced by the advent during the period 
1924-1928 of a chromium overlay, and to this present day 
the motor industry is the largest single user of nickel, much 
of this being employed in the form of nickel-chromium 
plating of steel, brass, and zinc die-cast trim items. Although 
its position is now being seriously challenged by competitive 
materials, such as stainless iron and anodized aluminium, 
for trim items, the obvious advantage of nickel-chromium 
plating is the extremely reflective and highly scratch-resistant 
finish which is obtained. 

Nickel as a constituent of non-ferrous alloys is somewhat 
limited on the average car, but for high performance cars 
it finds use as an alloy addition for valve seat inserts, and 
valve guides for light alloy engines. Any considerable 
increase in the future use of nickel will undoubtedly be 
related to the further development of the turbine engine; 
in these, nickel-containing alloys are essential in order to 
obtain the necessary hot strength and creep resistance and 
the well known Nimonic series of alloys and others fulfil 
these requirements. The future of this type of engine in 
the motor vehicle field is related to the development of an 
economic but efficient heat exchanger of reasonable size to 
cope with the large volume of gases involved. One very 
important use of nickel is for the electrodes of sparking 
plugs, and on some of the higher priced cars, and for special 
wheel finishers it finds use as a constituent of austenitic 
stainless steel. 


Decorative Plating 
On the early motor car, attractiveness was achieved by 
the use of brass and copper fittings. In time, these relatively 
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x 120. (Courtesy 


Fig. 10—Microstructure of sintered copper-lead beari 
Glacier Metal Co.) nd 


expensive fitments were in part replaced by steel forgings 
and to achieve the desired appearance were brass plated, but 
over the years this finish gave place to composiie deposits 
of copper and nickel, or nickel alone, the necessary lustre and 
maintenance of brightness being obtained by continual care 
on the part of the owner. . The introduction of chromium 
plating as an overlay for the nickel ensured intense reflec- 
tivity and little maintenance. Whereas early electro- 
deposits on trim items comprised a nickel flash followed by 
copper which was buffed, then nickel, also buffed, and 
finally chromium, improvements both in the standard 
required by the motor car manufacturer and by the customer, 
and by the necessary improvement in the economics of the 
processes has seen the development of bright nickel deposits 
as undercoats, and of semi-bright undercoats which require 
only light buffing. The value of a copper layer as a protec- 
tive medium has long been in doubt, its main attraction 
being the ease with which it could be buffed, and provided 
it was followed with an adequate thickness of good quality 
nickel all was well; when the nickel coating has to be buffed, 
there is always the danger of it being locally thinned and this 
has resulted in the widespread interest in the duplex coating 
consisting of semi-bright nickel followed by a fully bright 
layer to provide the necessary smooth and reflective surface, 
the absence of buffing ensuring an adequate and uniform 
thickness of undercoat. The adoption of a chromium 
overlay to prevent tarnishing of the polished nickel coating 
has not, unfortunately, always prevented corrosion, largely 
due to the impossibility of depositing an adequate thickness 
of chromium free from cracks; the recent introduction of 
crack-free chromium deposits, applied in somewhat heavier 
thicknesses than for normal chromium, undoubtedly provides 
a solution to at least some of the problems which have arisen 
in the past with chromium-plated trim on motor cars. 


Conclusion 

This survey of the use of non-ferrous metals by the motor 
industry during the past 50 years is not claimed to be 
exhaustive, and there are many omissions of non-ferrous 
metals used to only a limited extent, such as the inclusion of 
silver in radiator brass and in solders, platinum for electrical 
contacts and others. Although these materials have made 
their own valuable contribution to the success of the motor 
industry, interest must necessarily centre on those metals 
and alloys constituting the greatest tonnage employed. 

The writer acknowledges a debt of gratitude to friends in 
associated industries, to the various Development Associa- 
tions and to colleagues within the British Motor Corporation, 
who are too numerous to mention by name, for help in the 
provision of background information, and acknowledgments 
are paid to the directors of the British Motor Corporation 
for permission to prepare this article. 





1909 - 1959 


NON-FERROUS METALS 
IN THE 


ISTORIANS, reviewing events of the present century, 

may well find justification for concluding that 

industrial scientific progress in the first sixty years, 
stimulated by the advent of two World Wars, was as out- 
standing in its effect upon mode of living as was the 
Industrial Revolution of the eighteenth century. 

The first decade of the twentieth century saw the com- 
mercial application of the contact process for the production 
of sulphuric acid from sulphur dioxide; it witnessed the 
establishment of the Haber process for production of 


Fig. 1—Welded aluminium tank for use with corrosive liquids. 
(Courtesy Marston Excelsior Ltd.) 


synthetic ammonia from atmospheric nitrogen, and the 
oxidation of ammonia to nitric acid by the Ostwald process. 
In that decade, too, Linde liquid oxygen was first produced 
from air and oxy-acetylene welding and cutting became 
economically possible. The sixth decade has produced the 
first commercial generation of electricity from nuclear 
fission, the first nuclear powered sea-going ship and the 
first probes have been sent into outer space. Between these 
two decades came the tangible evidence of scientific progress 
provided by the invention of man-made fibres, new dyes with 
which to dye them, synthetic rubber, the development of a 
whole new plastics industry, the jet engine and tele- 
communications. The future historian will not have to 
search too deeply to conclude that few, if any, of these 
spectacular advances could kave become practical possi- 
bilities without equally conspicuous progress in the science 
of metallurgy. 

The rapid developments in the chemical industry taking 
place at the beginning of the century directly followed 
practical applications of the new knowledge then being 
acquired concerning catalytic processes, particularly in 
respect of gas reactions. The fact that such processes often 
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depend upon the presence of small quantities of finely 
divided metal, well illustrates the point that the importance 
of non-ferrous metals to the chemical industry is not neces- 
sarily judged by viewing lists of tonnages of metal employed. 


Aluminium 


It is an interesting exercise to trace some aspects of early 
metallurgical development alongside that of the expanding 
chemical industry. Thus, by the turn of the century, the 
electrolytic method of Hall and Heroult had cheapened 
aluminium, which was then being produced at a level of 
between five and ten thousand tons per year. By 1909 Wilm 
had discovered age-hardening and opened the way to heat- 
treatment as a means of strengthening aluminium alloys, and 
in 1923 Bengough and Stuart introduced anodizing. Thus, 
by the early 1920’s when nitric acid had become more easily 
available by the advent of ammonia oxidation, when demand 
for acetic acid needed in the rayon industry was being satis- 
fied by the newly developed method of oxidation of acetalde- 
hyde, and when hydrogen peroxide had become more easily 
available from sulphuric acid by the electrolytic route, 
aluminium was ready to provide the means whereby ready 


Fig. 2.—Brewery “‘copper” belonging to Courage & Barclay Ltd., London. 
(Courtesy Copper Development Association) 














Metal Industry, 4 December 1959 





bulk storage and transport of these three important raw 
materials could be achieved. A typical welded aluminium 
tank used for the containment of corrosive chemicals is 
illustrated in Fig. 1. 

Since the early days of the century, development of 
aluminium alloys has progressed mainly in the direction of 
providing increased strength without undue impairment of 
corrosion resistance. To-day, the chemical engineer has a 
useful choice of aluminium-base materials ranging in strength 
from about 4 tons/in? to 30 tons/in?. The addition of small 
quantities of manganese or alternatively magnesium provides 
him with a series of non-heat-treatable alloys that can be 
readily worked and are easily welded, while the inclusion of 
one per cent each of silicon and magnesium makes available 
a heat-treatable alloy with a strength to weight ratio better 
than that of mild steel. 

The purity of a product is a matter of great importance to 
the industrial chemist, and particularly in the foodstuffs, 
pharmaceutical and dyestuffs industries, a strict control is 
exercised upon the heavy metal content of the finished 
product. In these industries aluminium is valued because 
traces of aluminium corrosion products are colourless, non- 
toxic and they do not usually produce undesirable side 
effects. For example, unlike most heavy metal salts they 
do not cause decomposition of hydrogen peroxide now being 
increasingly employed as a rocket fuel and, in petroleum 
refining, they do not catalyze gum formation in furfural used 
as a purification agent. 

Aluminium is eminently suitable for the handling of very 
pure water used in increasing quantities in the chemical 
industry; it is indeed being used at moderate temperatures 
in the heat exchange circuits of water-cooled nuclear reactors, 
and special alloys containing nickel and iron are under 
development to enable its use to be extended in pure water 
at temperatures of the order of 250°-350°C. 


Lead 

The containment of strong acids both during and after 
manufacture has always constituted one of the most difficult 
problems for the chemical engineer, and, in contrast to the 
many new materials of construction developed over the last 
fifty years, it is interesting to reflect that sulphuric acid, the 
oldest product of our scientific chemical industry, is still 
widely handled in lead which surely must be the oldest 
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Fig. 3—Hoerbiger-type compressor valve 
assembly in titanium and titanium alloy. 
(Courtesy Compressor Accessories Ltd.) 





Fig. 4—Titanium-lined reactor vessel with branch pipes 


metallic material used in any chemical process. Lead was 
employed in the form of salt pans, by the Romans, but its 
valuable corrosion resistant properties were virtually over- 
looked until about 1750, when Roebuck, at Birmingham, 
frustrated by size limitations of glass, turned to lead 
chambers for his sulphuric acid plant. A useful degree of 
improvement in corrosion resistance and in strength of lead 
has been achieved over the past fifty years mainly by attain- 
ment of higher levels of purity, coupled with addition of 





Fig. 5a—Method of construction of aluminium secondary surface heat 
exchangers, fabricated by the furnace or bath brazing techniques. (Courtesy 
Marston Excelsior Ltd.) 


small quantities of either copper, silver and tellurium, or 
combinations of these. 


Copper and its Alloys 

Because it possesses a high ductility and low rate of work 
hardening copper is fabricated, without heating, more easily 
than most structural metals and in consequence over the 
past fifty years it has become traditional material in the 
construction of the complicated shapes required for reaction 
vessels, kettles, stills and fractionating columns, particularly 


in the field of organic chemistry. A large copper pan used in 
the brewing of beer is illustrated in Fig. 2. 

Whether the ultimate product be a strong liquid acid or 
less aggressive neutral plastics material, at some stage or 
other many of the chemical processes now operated involve 
a gas reaction and it is in the handling of hot gases that 
copper-base alloys with their good heat conductivity, render 


a most valuable service to the chemical industry. In the 
petroleum and petrochemical industry, particularly, con- 
servation of heat in the distillation and condensation of 
vapours plays no mean part in the total economy of such 
processes and many hundreds of thousands of tons of 
copper-base tubes have been installed in the now almost 
traditional shell and tube heat exchanger. 


Fig. 6—Industrial secondary surface heat exchanger in aluminium for oil 
refinery use. (Courtesy Marston Excelsior Ltd.) 
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Fig. 5b—Elements assembled to form a contra- 
flow arrangement 


Fig. 5c—Elements assembled to form a cross-flow 
arrangement 


Research and development of the alloys used in this type 
of equipment already spans fifty years and is still continuing. 
The main emphasis has been upon improvement in resistance 
to corrosion and erosion by impure industrial cooling waters. 
At the beginning of the century, materials available in tube 
form were limited to copper and brass, and the really first 
incentive to improve upon these had its origin in the fact 
that corrosion—mainly in the form of dezincification of 
brass condenser tubes—nearly immobilized our naval forces 
during the 1914-1918 war. Some improvement was achieved 
by the addition of 1 per cent tin to 70/30 brass, to give 
Admiralty Brass, but the problem of dezincification of alpha 
brass remained until the discovery about 1920 that the 
addition of about 0-05 per cent arsenic effectively restrained 
this form of corrosion. The next significant step forward in 
the copper alloy field came with the discovery at the British 
Non-Ferrous Metals Research Association that 2 per cent 
of aluminium to alpha brass would significantly increase 
resistance to erosion. By this time, 70/30 cupro-nickel was 
already known, but it was to benefit significantly from the 
addition of iron and manganese. Subsequently, for economic 
and strategic reasons, two further alloys containing 
10 per cent and 5 per cent of nickel respectively were 
produced for moderately arduous service. 
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Most of these developments have been mainly directed to 
improving performance in steam condensers, but when, after 
the Second World War, there came a very large expansion in 
home refining of crude oil and in the inter-connected petro- 
chernical industry, these materials were readily available to 
satisfy the demand. Although appreciable tonnages of 
copper, 70/30 brass and Admiralty Brass tubes are still 
employed, many chemical engineers are taking advantage of 
the superior corrosion-resistant properties of aluminium 
brass and cupro-nickel. Where mildly acid conditions are 
encountered, either on coolant or product side, aluminium 
bronze often gives good service. 

Virtually no chemical plant can function without the means 
to pump and control flow of liquid, and from the copper- 
base alloys phosphor bronzes containing 10-12 per cent tin, 
and up to 0-25 per cent phosphorus, gunmetals containing 
8-10 per cent tin and 2-4 per cent zinc are readily cast. With 
addition of a little lead they are easily machined into the 
intricate shapes required for pump impellers and casings, 
and for valves and cocks. These alloys are reasonably 
resistant to corrosion and erosion in mildly acid and mildly 
alkaline media, and they are an essential material of con- 
struction in many chemical plants. 


Nickel and its Alloys 


The considerable progress that has been made in the 
development of nickel alloys over the past fifty years 
probably gives a better indication of their usefulness to the 
chemical industry than the tonnage employed would indicate. 
The development of nickel alloys started about 1905, when 
Ambrose Monel in Canada suggested the direct smelting of 
an ore containing approximately two-thirds nickel and 
one-third copper together with small quantities of iron and 
manganese. He thus gave his name to an alloy having 
excellent resistance te corrosion combined with good 
mechanical properties. 

The addition of silicon enables this alloy to be fairly easily 
cast, while by adding about 4 per cent of aluminium it can 
be thermally hardened. These alloys are all fairly resistant 
to most non-oxidizing acids of moderate strength, while a 
more recent modification containing about 2-8 per cent 
molybdenum, 6 per cent iron and small quantities of copper, 
silicon and manganese has high resistance to non-aerated 
hydrochloric acid. A further alloy containing about 
13 per cent chromium is moderately resistant even under 
oxidizing acidic conditions. 

A series of alloys containing between 60-80 per cent nickel, 
together with varying proportions of molybdenum, iron, 
chromium, and tungsten, although limited as to the extent 
to which they can be worked into shape, has proved most 
valuable in their resistance to hot sulphuric acid. Some 
grades of this form of material resist attack in hot sulphuric 
acid even in oxidizing conditions, whilst other forms are 
also moderately resistant to hot hydrochloric acid. 

Although not yet extensively employed in the chemical 
industry mention must be made of the complex alloys based 
on high nickel-chromium compositions. These have 
excellent resistance to oxidation and good creep resisting 
properties at temperatures within the 800°C.-900°C. range, 
and without them the jet engine could never have reached 
its present state of development. Some forms of this type 
of alloy have already proved of value to the chemical 
industry as furnace tubes and as conveyor belts for high 
temperature service. 

It is, however, in their excellent resistance to corrosion 
by caustic alkalis that nickel and its alloys are best known to 
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the chemical engineer, and over the past fifty years many 
thousands of tons of caustic liquors have been processed in 
equipment constructed of, or lined with, nickel. 

The comparatively high cost of nickel has undoubtedly 
restricted its use, but the intrinsic corrosion resistance of this 
metal and the attractive mechanical properties are utilized in 
a host of small but essential components, and especially in 
the vital instruments that constitute the pulse of a chemical 
plant. 


Present and Future Trends 


The jet aeroplane, the rocket and nuclear power developing 
rapidly over the last ten years have presented the metallurgist 
with an unparalleled opportunity to produce new materials 
to meet increasingly exacting demands. Developments in 
the field of aviation demanding a high strength to weight 
ratio in materials of construction, provided the incentive 
which resulted in the production of titanium and the advent 
of nuclear energy makes it necessary to produce zirconium, 
niobium and beryllium. Without exception these metals, 
now becoming newly available in quantity, possess such a 
strong affinity for oxygen that they have required novel 
methods of melting—usually under high vacuum or under 
argon. They have also brought forth specialized techniques 
of fabrication. Indeed, in a very short space of time several 
new chapters have been added to metallurgical knowledge 
and techniques. 

In the chemical industry good use is already being made 
of the excellent corrosion and erosion resistant properties of 
titanium. Mention has already been made of the necessity 
of maintaining metallic contamination at a very low level 
in some chemical processes. This arises in order to retain 
efficiency in catalytic processes, to meet a rigid pharma- 
ceutical requirement, to prevent discoloration and even, on 
occasion, to ensure a low neutron absorption level in a 
product. In some chemical processes carried out in con- 
ventional equipment, it is even necessary to include a special 
purification stage to rid the final product of traces of heavy 
metals. In many chemical plant environments corrosion 
resistance of titanium is so high as to meet these stringent 
requirements and use of the metal in the early stages of 
manufacture can eliminate a complete purification step at a 
later stage. 

It is almost certain that there will be occasions when the 
development of a novel chemical process will be dependent 
upon the existence of one of these newer metals. An 
example already exists in the modern chlorite bleaching 
process for textiles. This requires a robust plant with a 
high proportion of moving parts, all of which have to be 
resistant to the very aggressive chlorine dioxide. Titanium 
possesses excellent resistance to this environment and it is 
very doubtful whether, without titanium, chlorite bleaching 
could become a commercial proposition. 

Titanium is very resistant to conditions of metal fatigue 
and corrosion fatigue, and apart from its use in massive 
chemical plant, it is being applied to the construction of 
small but vital components, failure of which could result in 
stoppage of a complete process. 

One outstanding use, for example, is in the valve plates 
of gas compressors. These are subject to a high level of 
reciprocating stress and the titanium valve plate illustrated 
in Fig. 3 has outlasted conventional materials by a very large 
margin. 

In looking to the future, mention must be made of a 
method of protection known as anodic passivation, particu- 
larly appropriate to such metals as titanium. Adoption of 
this system promises to widen the scope of use of such 
metals when in contact with strong non-oxidizing acids. By 
way of example, it is now known that by slightly raising the 
electrical potential of titanium by connection to a D.C. 
battery, titanium can be completely protected against 
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Fig. 7—Roll bonded aluminium sheets. Left: Stop weld pattern printed on sheet prior to sandwiching and rolling. Right: Rolled and inflated sheet 


corrosion under immersed conditions in sulphuric acid, even 
in the intermediate concentrations of 20 per cent, 40 per cent 
and 60 per cent, at temperatures as high as 80°C.—conditions 
which attack virtually all other constructional metals save 
lead and silicon iron. 

Moving up the scale in corrosion resistance from titanium 
there are zirconium, niobium and tantalum, all becoming 
increasingly useful as the acids become more and more 
aggressive. Tantalum is now well known for its unique 
resistance to any strength of hydrochloric acid, at all reason- 
able temperatures and in the presence of air or otherwise. 
As a result of the development of new methods of produc- 
tion, coupled with demands from other fields of use, all these 
metals may be expected to become less costly and in con- 
sequence they will take their place more frequently amongst 
the materials of construction available for special purposes 
in the chemical industry. 


Advances in Fabricating Techniques 


No account of the part played by non-ferrous metals in 
chemical engineering would be complete without reference 


to the considerable advances made over the past fifty years 
in fabricating techniques. 

As far as welding and brazing alone are concerned, there has 
been more progress than in almost any other branch of metal 
technology. Prior to the last twenty years, welds in non- 
ferrous metals had been made by the gas welding, by metal 
arc and by carbon arc techniques which had been used over 
the previous thirty years, and which had proved successful 
for ferrous materials. The production of good welds in 
non-ferrous metals by the same means is not an easy matter, 
and it was not until the development of the argon-shielded 
metal-arc weld that there was any real progress. It is 
certainly no exaggeration to say that the increased and 
increasing use of aluminium in the chemical industry over 
the past ten years would not have been possible without the 
advent of argon-arc welding. With a relatively expensive 
metal such as titanium, techniques of lining mild steel with 
thin titanium sheets are a very recent innovation and here it 
is necessary to use argon shielding on both sides of the weld 
—a process which was unknown even ten years ago. A 
large mild steel vessel lined with welded titanium sheet is 
shown in Fig. 4. 


Fig. 8—Roll bonded heat transfer sheets in 
aluminium. Completed panel ready for 
installation 
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Probably the most significant advance in brazing non- 
ferrous metals concerns the fabrication of equipment such 
as secondary surface heat exchangers by either the furnace 
brazing or the flux bath technique. These units are 
assembled from tiers of thin crimped or formed sheets which 
either carry an integral coating of brazing alloy or alterna- 
tively are interleaved with thin sheets of brazing medium. 
The matrix of sheets, held in temporary clamps, is then 
either dipped into a molten flux bath or placed in a furnace 
and held at a temperature at which the brazing alloy melts 
and retracts into interstices formed by the crimping. The 
whole forms a very strong light block having excellent heat 
transfer properties. The detail of the construction of this 
type of heat exchanger is illustrated in Figs. 5 a, b, c, and 
Fig. 6 shows an industrial heat exchanger incorporating this 
system, and employed in a petrochemical plant. 

Chemical engineers are always striving to increase the 
efficiency of heat transfer processes and there are three 
relatively modern forms of semi-fabricated non-ferrous 
products, likely to play a part in this important field. Roll- 
bonded aluminium consists of two sheets of the metal 
pressure welded together by rolling, but containing “stop- 
weld” passage ways (Fig. 7) that, when inflated, can 
carry either a coolant or heating medium. The resultant 
panel can be manipulated into a variety of shapes, one of 
which, for example, is already being used in refrigeration 
plant, as shown in Fig. 8. Tube in sheet, involving a similar 
idea of controlled laminations introduced during casting of 
the slab and subsequently inflated after rolling, is already 
available in copper and aluminium and its alloys. However, 
there seems no reason why other metals and alloys should 
not be adaptable to the same process. To date there has 
been only very limited use of this technique which could 
obviously provide a very fruitful field of development for 
the chemical engineer interested in efficient heat transfer. 
For example, this form of construction seems ideally suited 
for steam heated vats or reaction vessels, thus eliminating 
internal heating or cooling coils. 

For some considerable time, engineers have been interested 
in the use of tube having an extended surface in the form 
of external fins. The fins may be soldered or brazed on to 
the tube, but there are now fabricating techniques by which 
the fins can be worked up from the tube itself to produce 
an integral extended surface construction. This arrange- 
ment provides a most efficient means of heat-exchange 


between a gas phase circulating externally over the extended 
surface and a liquid medium inside the tube. It is available 
in a range of copper-base alloys, as well as in aluminium and 
magnesium. When a single material of construction is 
incompatible with either the gas phase or the liquid a 
bi-metallic construction can be provided. Thus, the cooling 
of ammoniacal vapours by sea-water can be achieved by 
employing an inner tube of aluminium brass or cupro-nickel 
with an outer finned tube of aluminium. An example of the 
integral finned tube construction is seen in Fig. 9. 

During the fifty years that have elapsed since the first 
appearance of Meta INpustryY the variety of operations 
performed in chemical plant has multiplied many times, 
efficiency of the processes used has improved by a very large 
margin, and the very appearance of chemical plant has 
changed out of all recognition. Today the emphasis is upon 
automatic and remote control and safety of operating per- 
sonnel is an essential prerequisite of any modern design. It 
is not by mere coincidence that, in the same period of time, 
immense strides have been made in the technical produc- 
tion of metals and in fabricating techniques. In the current 
tonnage lists of metal production there are nine primary 
non-ferrous metals which were not deemed worthy of 
mention in the lists published fifty years ago, and in one 
form or another—as an alloy or by facilitating a novel 
construction—they have all contributed to the efficiency and 
safety of the present day chemical plant. 

This has been a period of metallurgical exploration that is 
unlikely to be repeated in its wide scope. The number of 
new primary metals likely to come into future commercial 
production is limited; hafnium, yttrium and ductile 
chromium are already possible candidates, but there is little 
doubt future emphasis must lie in the direction of new and 
better alloys. That these will become available is also 
beyond doubt; there is an increasing demand for better and 
better materials of construction and a never-ending quest to 
satisfy the demand. For both the metallurgist and the 
chemical engineer, it would be difficult to find a more 
fitting quotation to conclude the present subject than the 
words Tennyson puts into the mouth of Ulysses : 

“Yet all experience is an arch where through 
Gleams that untravell’d world whose margin fades 
For ever and for ever when I move. 

How dull it is to pause, to make an end 
To rust unburnish’d, not to shine in use.” 
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OR many years it was standard practice to use copper- 

base alloys for tubular coolers in which sea, estuarine 

or brackish water formed the cooling medium. Certain 
types of corrosion, however, were known to develop in these 
alloys, the worst of these was dezincification, and as 
long ago as 1890 the addition of 1 per cent tin, in place of 
1 per cent zinc, in the 70:30 alloy was advocated as an 
attempt to cure this trouble. The inhibitive property of 
small percentages of arsenic, antimony or phosphorus 
against this attack, became one of the most important 
developments of the 1920’s and the particular alloy— 
Admiralty Brass, containing 70 per cent copper, 29 per cent 
zinc, 1 per cent tin with 0-25 per cent of the inhibiting metal 
—was the natural choice for cooler and condenser tubing. 
This alloy is gradually being replaced in refinery equipment 
by aluminium brass composed of 76 ver cent copper, 
22 per cent zinc, 2 per cent aluminium with the usual 
addition of the inhibiting meial, especially where the coolant 
Should there 


may contain large volumes of dissolved air. 
be any small impediment inside the brass tube, a slight 
pressure drop is produced in the coolant across this obstruc- 
tion with the result that dissolved air is liberated. The 
bubbles of air impinge against the internal surface of the 
tube and in the course of time, dependent upon the size of 


the obstruction, will penetrate through the tube wall. The 
aluminium brass has superior resistance compared to 
Admiralty Brass against air impingement attack by the 
formation of a more resistant film over the surface. Tube 
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Oil Industry 


by E. HARGREAVES 
Corrosive Engineer, Mobil Oil Company Ltd. 


sheets formerly cast in naval brass—60:40—are now being 
superseded by aluminium bronze because of the superior 
mechanical strength and corrosion resistance of the latter 
alloy. 

The use of copper tubing for instrument air lines is almost 
a standard item, but this material is now finding further 
application for steam tracing product lines in place of the 
once conventional steel piping. Whilst the initial cost of 
the copper tubing is greater than that of steel, the malleability 
of copper permits long lengths of tubing to be laid from 
coils, thus greatly reducing the installation costs. 

Non-ferrous alloys of the copper-nickel type are finding 
increasing employment in heat exchangers where high 
temperatures occur and media of slightly acidic nature exist, 
or where the chloride content may be appreciable. The 
lining of the upper sections of crude fractionation columns 
with Monel metal has been carried out for crude oils 
particularly high in organic chloride compounds. 

A relative newcomer into the oil industry in the sphere 
of non-ferrous metals is aluminium, and due to its particular 
properties, increasing attention is being given to this metal. 
Because of its light weight, aluminium is already well estab- 
lished in the U.S.A. in oil fields for the construction of 
portable derricks and drilling equipment. For refineries 
and in the transportation of oil products, the metal has 
recognizable advantages. 

The insulation of tanks and piping has produced a field 
of unrivalled employment for aluminium cladding which has 


Fig. 1—Channel ends and floating 
head ends of a pair of all aluminium 
coolers which form part of the 
gas purification unit at Mobil 
Oil Company’s Coryton Refinery. 
Aluminium shells are employed with 
Noral 65S aluminium tube sheets 
into which are expanded Noral 3S 
clad aluminium tubes 
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INTERNATIONAL REFINING 
CO., LTD. 


for prices prior to disposal of your Non-Ferrous 


Metal Scrap and Residues, whether clean or irony. 


Maryland Alloys Ltd. 


for your requirements of Non-Ferrous Metal Ingots, 


whether of commercial or complex specifications. 


Non-Ferrous Stockholders Ltd. 


for your requirements of Sheets, Strips, Rods, Bars, 
Sections in Aluminium and Alloys, Brass, etc., 


whether for immediate or long-term requirements. 
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Tel: MARyland 7771 (8 lines) LONDON TELEX No. 2-3314 
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Fig. 2—Aluminium pipework for carrying wet hydrogen sulphide gas 


proved equally resistant to marine and refinery atmospheres. 
Hundreds of gallons of aluminium paint are applied annually 


to give refinery units their characteristic silver appearance. 

The resistance to corrosion of aluminium is, perhaps, the 
property which now attracts the attention of the refinery 
engineer. Its low mechanical strength once overshadowed 
this resistance, but by the addition of such elements as 
magnesium, silicon and manganese, this deficiency is being 
remedied. 

The almost general use of sea water for cooling purposes 


Fig. 3—Aluminium cladding 
for the insulation of oil 
storage tanks 


has brought the corrosion resistant properties of lead into 
recognition, and the employment of this metal as a lining 
for the floating heads of closed coolers is becoming an 
extremely efficient competitor to the fabrication in copper 
alloy. 

It is, therefore, evident that while steel is still considered 
the most general material of construction for oil refineries, 
the employment of non-ferrous metals commands quite a 
significant part in the building and maintenance of this 
industry. 
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NON-FERROUS METALS 
IN THE 


ELLNIGH the entire development of the electrical 

industry from its modest beginnings to its present 

status of a major industry making important contribu- 
tions to the industrial and civilian life of the world has taken 
place within the last 50 years. The broad scope of its 
activities, from prime movers, generating plant and heavy 
electrical equipment on the one hand to lighter equipment, 
domestic appliances and industrial heating on the other, 
necessarily involves the extensive use of metals. Many 
problems have been posed to the metallurgist and solutions 
found. By and large, the non-ferrous industry has been very 
co-operative with the electrical industry which, in its turn, 
has made significant contributions to the development of 
new materials for its own purposes. The value and the 
applications of these have not necessarily been confined to 
matters electrical. Furthermore, even a brief consideration 
of the anticipated rate of expansion of the electrical industry 
and of the technical problems which face it to-day, shows 
clear promise of equally important developments in the non- 
ferrous field in the future. Vast quantities of non-ferrous 
materials have always been required, from the earliest days, 
in general constructional work in the electrical industry. Of 
these, copper, brass and aluminium have been the most 
important and widely used, and this is likely to continue to 
be true for a long time to come. Extensive use is made of 
sheet metal, pressings, die-castings and plated finishes of 
many kinds. 


Lamps and Lighting 

It is, perhaps, surprising to realize that the common 
tungsten filament lamp embodies ten or more non-ferrous 
metals in its construction. 

In the earliest days, osmium and tantalum were used as 


incandescent lamp filaments. Tungsten, since then univer- 
sally employed for this purpose, is amongst the most refrac- 
tory of metals, difficult to prepare and to fabricate. The 
powder metallurgy process was first applied to making 
tungsten, and this is still the only practical way of founding 
it. Fifty years have seen no major changes in :ts technology 
but improvements have led to an ever-increasing consistency 
of manufacture, to better metallurgical characteristics and 
corresponding betterment of lamp performance. Molyb- 
denum, the sister metal, less refractory but with a usefully 
high melting point, is important in furnishing the supports 
for the tungsten filament. Its use is vital as a mandrel 
material in the double coiling of the delicate tungsten 
filaments, for it is the only metal of adequate strength 
with a melting point high enough to withstand the 
temperatures reached in the heat-treatment of the coiled 
filaments prior to dissolving the mandrel. Both metals are 
used for making vacuum-tight lead-in connections when the 
characteristics of the lamp demand the use of a high soften- 
ing point, hard glass, envelope. 


Metal Industry, 4 December 1959 


Electrical 
Industry 


by N. L. HARRIS 
B.Sc., F.Inst.P. 
Research Laboratories of The General Electric Company Limited, Wembley 


Nickel is chosen for the internal leads to the filament and 
the clamps for the support of its ends. It has relatively low 
electrical resistance, is soft, and easily deformed in automatic 
machines to clamp firmly round the filament coil. The 
customary lead-in wire for the vacuum-tight lead-in seals 
through the normal pinched glass foot tube in general 
lighting service lamps is the copper-plated nickel-iron alloy 
known as “red platinum,” which is balanced in alloy com- 
position and copper thickness to give the correct axial and 
radial expansions necessary for these seals. Its name pre- 
serves the fact that platinum itself was once used for this 
purpose. Platinum is also currently used as a coating on 
molybdenum leads in quartz tubular “lamps” designed for 
infra-red heating purposes. 

The externai leads within the lamp cap are made of copper 
and include a short length of glass-clad “Constantan” wire 
(an alloy of copper and nickel) which provides a protective 
fuse. The shells of the caps are made from suitably ductile 
brass or aluminium and the lead wires are soldered to brass 
sole-plates with low melting point tin-lead solder, against 
which the contacts in the lampholder press. 


Fig. 1—G.L.S. lamp2with all non-ferrous metals indicated 
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In certain special types of lamp, used for projection 
purposes, a built-in reflector system is provided, with a 
silvered surface or, more usually, an aluminium coating put 
down by evaporation in vacuo. Similar aluminized coatings 
on lacquered steel pressings are being increasingly used on 
external reflectors, for example, in motor car headlamps. 

In domestic lighting, the tungsten filament lamp has 
resisted many challenges and continues in widespread 
general use, but electric discharge lamps, which came into 
prominence in the thirties, have established themselves 
firmly and extensively in the fields of street lighting and 
industrial and office lighting. Basically, their construction 
involves very similar techniques to those employed for 
incandescent lamps in making vacuum-tight seals and 
supporting the internal electrode structures. The latter 
comprise coiled tungsten wire filaments, but these are now 
used to carry a thermionically emissive material instead of 
providing the luminous source. In general, therefore, the 
same non-ferrous metals are used for the construction of 
electric discharge lamps as for incandescent lamps, but 
others are required in addition. 

The thermionically emissive material makes use of com- 
pounds of calcium, barium, strontium and thorium. The 
light output is derived from the excitation of metallic 
vapours in the electrical discharge. Sodium gives its 
characteristic yellow radiation and mercury, in a state of 
high pressure, a bluish-white light. This latter can be 
modified and made whiter by the addition of cadmium and 
zinc. However, where white light acceptable for general 


illumination is required, a low pressure mercury vapour 
discharge is established and’ invisible ultra-violet radiation 
generated therein is converted to visible light through the 
medium of luminescent powder coated on the inside of the 
discharge tube. Similarly, such powders used on the interior 
surface of the outer envelope of a high pressure mercury 
vapour lamp will effect a very considerable degree of colour 


correction and yield an overall white light. The metal 
constituents of the many fluorescent compounds used com- 
prise calcium, cadmium, magnesium, zinc, tungsten, barium, 
strontium, lithium and germanium. 

Various specialized forms of discharge lamp, of consider- 
able importance even if of limited application, make use of 
non-ferrous metals. Caesium and potassium are chosen as 
electrode emissive material in flash-discharge light sources. 
Standards of radiation are derived from other types of lamp, 
in particular from sodium, cadmium, thallium and mercury. 
In applications requiring extremely narrow spectral lines in 
the radiated output of the lamp, a single isotope of mercury 
is used as the filling. 

Lamps must be operated in properly designed and con- 
structed lighting fittings for full and effective use. Non- 
ferrous metals have always been employed extensively in 
their manufacture but the lighting industry has now turned 
to light alloys and plastics where it formerly used sheet iron, 
copper and glass. 

Lanterns for exterior installations used to be made with 
copper spinnings, painted against corrosion, and lead-coated 


Fig. 2—Electric street lighting lantern for three 5 ft. 80 W lamps, which 
is made from aluminium alloy 


Fig. 3—Apparatus for the zone refining of experimental quantities of 
high-purity copper for studies of its basic properties 


sheet iron. Silvered glass reflectors were incorporated when 
necessary. Effective life was long, and the all-copper 
lanterns on the Thames Embankment and Brighton Front, 
for example, are “still going strong” over 30 years after their 
installation. Copper is still used for some decorative 
lanterns, where low cost is not a decisive factor, particularly 
in seaside towns, and is believed to have the best corrosion 
resistance when properly employed. 

Concurrently with the growing use of plastics in place of 
glass bowls and refractors came the change to light alloys 
for the main body of the lantern. Precision die-casting and 
extrusion techniques lessen production costs by reducing 
machining and finishing processes. Very pure aluminium is 
used for optically reflecting surfaces, top quality reflectors 
demanding the use of metal with an impurity level as low 
as 2 parts in 10,000. It is only by the adoption of such 
techniques that elegant lanterns of sufficiently light weight 
can be manufactured in the large sizes now required. In 
many designs the body is an extrusion, fitted with die-cast 
ends. 

Lightness of construction is essential in aerodrome 
installations, particularly on runways where there is the 
chance of impact of moving aircraft with lighting fittings 
and the consequent risk of serious accidents. It is not 
sufficient merely to provide a weak link in the mounting of 
the fitting: low mass is also essential. The use of pure 
aluminium for the combined reflector and body has solved 
the problem. 

Interior lighting fittings in the past often used brass and 
this metal, or bronze, is still the basis of the more expensive 
and highly decorative models. The general run of inexpen- 
sive lighting fittings, however, is made from iron and a 
brass-plated finish is given for appearance. 


Electronics 


In the broad field of electronics, multitudinous applica- 
tions are made of many kinds of thermionic valve and 
also of the semiconductor devices which are increasingly 
supplementing or replacing them. Events have moved far 
since the early days of the first Fleming valve in 1904 and 
Marconi’s epic transatlantic transmission in 1901. Half a 
century of progress has seen the growth of a new electronics 
industry which makes widespread use of non-ferrous metals. 

They are found extensively in valves of all classes as 
internal structures such as anodes, grids and cathodes. In 
the smaller valves used in domestic radio and television 
receivers, and in wide varieties of electronic equipment, the 
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anode is formed from nickel or aluminium-coated iron. The 
former is often carbonized to give it good heat radiating 
properties which are, however, inherent in the latter material. 
In the more expensive types of valve the grids are wound 
from molybdenum wire on nickel side rods, but in the 
cheaper valves alloys of nickel and manganese, or nickel, 
chromium and aluminium are used for the grid winding, 
these being mechanically stronger than the pure nickel 
employed formerly. Cathodes, both in wire and tubular 
shell form, are made from nickel or nickel alloys, a common 
additive being magnesium, which gives rapid activation of 
the thermionically emissive coating. An alloy with 4 per cent 
tungsten, possessing greater mechanical strength and having 
a favourably rapid reaction with the coating, is also used in 
the smallest types of valve. Indirectly heated cathodes have 
internal heating coils of tungsten or tungsten-molybdenum 
alloy, both of which have very long lives at the working 
temperature of 1,300° to 1,400°C. The older types of battery 
operated valve used an oxide-coated nickel wire for the 
cathode, but reduction of the heating current from 100mA 
to 10mA in the latest types has demanded a change to 
tungsten wire, which alone has adequate strength in the 
smallest sizes. 

The pins which pass through the glass base of the valve 
are made from a nickel-iron alloy with an expansion matched 
to the glass. Operational requirements demand them to be 
short and strong; they plug into the valve socket externally 
and are connected internally to the electrodes either 
directly or via a short nickel strip. It should be noted that 
the choice of metals for the internal structure of the valve 
is somewhat restricted by the nature of the pumping and 
processing schedules, which call for baking temperatures of 
400°C. This eliminates some of the cheaper metals and 
alloys which might otherwise be used. 

Specialized miniature valves are now being made in 
which the grid winding wire is tungsten, which enables the 
wire diameter to be greatly reduced (e.g. from 0-05 mm. to 
0-007 mm.) in order to obtain enhanced circuit performance. 
This very fine wire is wound on a stiff molybdenum frame, 
which is easier to work and weld than tungsten, and the 
turns are usually brazed in position with copper-gold alloy. 
When it is desirable to suppress the emission of secondary 
electrons from the grid, under electron bombardment, the 
molybdenum is gold plated. 

By contrast with these small receiving types the large 
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transmitting valves have a massive external copper anode 
which forms part of the envelope and is either air- or water- 
cooled. Normal commercial grades of copper are unsuit- 
able for this purpose because of their volatile impurities and 
an oxygen-free, high conductivity grade of metal is essential. 
The absence of oxygen is mecessary since processing 
techniques include heat-treatment in hydrogen to remove 
occluded gas from the metal, a technique which would lead 
to severe embrittlement of oxygen-bearing copper. The 
oxygen-free high conductivity metal used is made specially 
for the electronics industry. 

When the anode is of more conventional form, within the 
envelope of the valve, it is often fabricated from molybdenum, 
tungsten or tantalum to meet the requirements of high power 
dissipation without distortion. Zirconium and titanium are 
coming into use and the latter is particularly suitable, with 
good mechanical properties and a valuable “gettering” action 
when hot. Zirconium also has a gettering action, but is less 
readily available and of inferior mechanical properties. 

The manufacture of large transmitting valves often 
demands the fabrication of massive glass-to-metal seals, 
envelopes up to 1 ft. in diameter being joined to metal of the 
same dimensions. The earlier technique was to use copper 
with a feather edge of some 3° angle which yielded with 
changes of temperature sufficiently to take care of the large 
differences in expansion between the glass (6 to 10 x 10-®/°C.) 
and the copper (16 x 10-®/°C.). Such seals were strong but 
not robust. Alternative forms of seal were therefore 
developed using a 50:50 nickel-iron alloy whose expansion 
matches that of the glass, or a nickel-iron-cobalt alloy which 
matches a special hard glass made for it. Metal edges up 
to 1-5 mm. thickness can be used without undue residual 
strains in the seal, or discs of metal can be sealed between 
the ends of two tubes, but the thermal conductivity of the 
metal is only one-thirtieth of that of copper. This intro- 
duces complications in the problem of dissipating the heat 
developed during the operation of the valve. 

In the microwave valve field there is an increasing use of 
ceramic envelopes in place of glass and this trend brings 
new problems in the manufacture of vacuum-tight seals. 
Several solutions have been found, the commonest being to 
fire a powdered alloy of molybdenum and manganese on to 
the ceramic and then attach the metal component by brazing 
with a low vapour pressure solder such as copper-silver or 
copper-gold. Alumina ceramic material has an approximate 


Fig. 4—Five kilogramme high-purity single 
7 7 d from the 





crystal of ger being r 

furnace in which it was grown. The crystal will 
later be sliced and prepared for use in various 
semi-conductor devices 
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Fig. 5—Water-cooled Alternator. 60 MW direct-cooled rotor for Poole 
Power Station in course of winding. View agen | winder inserting seg- 
mental packing block in end-windings at slipring 

expansion match to the nickel-cobalt-iron alloy. Titanium 
can be brazed to ceramic bodies with the same alloys without 
the use of the intermediate molybdenum-manganese layer 
because of its self-fluxing property. All these ceramic-metal 
constructions are exceedingly robust. The internal elec- 
trode structures are assembled with copper-silver, copper- 
gold and copper-indium solders and even with indium itself, 
but where the avoidance of volatilized conducting films is a 
matter of major importance, copper-gold or even copper 
itself is the preferred brazing medium. 

The thermionically emissive coatings used in all types 
of valves comprise compounds of the same metals as those 
detailed for discharge lamps. Prior to this, in the earliest 
types of “bright-emitter” valve, the thermionic emission was 
derived from pure tungsten itself, followed by an inter- 
mediate stage of development in which the addition of 
thorium to the tungsten lowered the emission temperature 
and improved the efficiency. The latest development in 
some new types of valve uses a high emission density 
cathode made by impregnating a sintered tungsten matrix 
with barium aluminate. 

The use of non-ferrous metals in cathode ray tubes follows 
the same general pattern of their uses in valves. Certain 
points of difference may, however, be noted. Operating 
temperatures of the electrode structures are lower, the 
magnetic properties of nickel forbid its use within the tube 
and certain metals, in particular copper, must be omitted in 
order to avoid contamination of the fluorescent screen by 


evaporation. 


Semiconductors 

The past ten years have seen a remarkable growth of 
knowledge of the solid state and many practical develop- 
ments of semiconductor devices—crystal valves—which rot 
only replace thermionic valves but offer functional oppor- 
tunities in new circuits which valves can never carry out. 
Semi-conductor materials lie half way between metals, in 
which an excess of electrons is free to move under the 
influence of an electric field, and insulators, in which the 
electrons are firmly bound to the atom. In a semiconductor 
the electrons are loosely bound and their movement in an 
electric field can be finely controlled. Some semiconductors 
exhibit a deficiency of electrons and the positions which are 
empty are known as positive holes. Movement of a loosely 
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bound electron into one of the empty positions can be inter- 
preted as the reverse movement of the positive hole. By a 
handing-on process, the resultant apparent motion of the 
positive holes plays an important part in supplementing 
electron conduction in a semiconductor device. 

Although not strictly metallic in their properties semi- 
conductor materials should not be omitted from this review. 
Germanium and silicon are the elements of major impor- 
tance in this respect and the exceptionally high degree of 
refinement necessary to make them suitable for semi- 
conductor devices ranks them as the purest materials in 
industrial use to-day. The desired purity is achieved by a 
zone refining technique, followed by remelting and the slow 
pulling of a single crystal by rotating a seed crystal in the 
melt and steadily withdrawing it. The addition of controlled 
amounts of known impurities produces specific imperfec- 
tions in the crystal lattice which give the desired semicon- 
ductor characteristics. Germanium and silicon are both 
Group IV elements to which the addition of such Group V 
elements as phosphorus, arsenic and antimony creates an 
excess of electrons for conduction purposes in what is then 
known as n-type material. Group III impurities similarly 
produce a deficiency of electrons, and gallium, indium and 
aluminium are used in this way to make p-type material in 
which conduction is primarily by the movement of the 
so-called positive holes. 

The junction of p-type and n-type materials provides an 
electrical barrier at which rectification takes place. If 
another barrier is created very close to the first the resulting 
n-p-n or p-n-p combination has the amplifying properties 
of the transistor. There are limits to the power which can 
be handled by germanium and silicon and to the frequency 
and temperature at which they can be operated. A search 
has, therefore, been made for artificial semiconducting com- 
pounds of Group II, III, V and VI elements, and certain 
useful combinations such as indium antimonide, gallium 
arsenide, bismuth telluride and cadmium selenide have been 
developed. The more complex ternary compounds are also 
yielding useful results. 

In the fabrication of semiconductor devices, the chosen 
single crystal material is cut, sliced, lapped and etched to 
make the often tiny wafers required and the junctions needed 
to produce rectifying or amplifying characteristics are then 


Fig. 6—120 MW, 13-8 kV, 3000 r.p.m. hydrogen-cooled turbo-alternator 


for Northfleet Power Station; w stetor 





Fig. 7—Model showing typical direct-cooled 
rotor end winding detail and arrangement of 
<a impeller adopted on designs up to 
120. MW output 


frequently made by an alloying process in which, for example, 
a bead of indium is fused on to the germanium surface and 
the barrier junction develops in the recrystallized layer at 
the interface when the molten bead has cooled. The sub- 


sequent assembly of the device in an hermetically sealed 
container (itself often made from copper) requires the use 
of various non-ferrous metals for the mounting framework 
and the leads through a vacuum-tight glass-to-metal seal. 

Other uses of semiconductor materials under development 


concern refrigeration and power generation. Certain arti- 
ficial semiconductors, of which bismuth telluride is con- 
spicuously successful, combine a high electrical conductivity, 
a low thermal conductivity and a large Peltier coefficient. 
Temperature differences as great as 85°C. can be obtained 
at the junction of these by the passage of direct current in 
the appropriate direction, and by reversing the process, and 
heating the junction, electric power can be produced. 
Practical thermoelectric cooling units are under development 
and power generating units have also been made. 

The electrical resistivity of semiconductors, together with 
other characteristic properties, is affected by light, heat and 
the magnetic field. There is no doubt that the startling 
contributions which have already been made by semicon- 
ductor devices in the electronic field will be followed by 
many other significant developments in the future, including 
some in quite unexpected directions. 


Communications 

Significant changes are occurring in the materials used in 
telecommunications systems. Although nickel-iron alloys are 
still used for loading coils they are being gradually replaced 
by the non-metallic ferrites, or spinels, which have high 
permeability and resistivity and are more efficient as induc- 
tances. Ferrites have a characteristic square hysteresis loop 
and for this reason are used for memory stores in computers 
and similar equipment, as well as for magnetic amplifiers. 
They are more effective than nickel as magnetostrictive 
devices in transducers because of a high intrinsic resistivity 
which reduces eddy current losses. In spite of the growing 
use of ferrites there may well be a return to the use of 
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80:20 nickel-iron in the form of thin vaporized magnetic 
films. These have a high speed of response to signals and 
are therefore particularly suitable for memory stores in elec- 
tronic exchanges and computers. Such equipment may also 
use nickel-iron and cobalt-iron-vanadium alloys for magneto- 
strictive delay lines. In electronic exchanges, however, there 
is still scope for the development of new alloys with 
sufficiently rapid times of response. 

In certain ancillary equipment used throughout the 
telecommunications and electronics industry progressive 
improvements have taken place. High purity aluminium foil 
has proved advantageous in the manufacture of capacitors. 
Tantalum is also being increasingiy used either with a 
liquid or solid electrolyte, and both niobium and titanium 
have been employed, but with incomplete success. Nickel- 
iron alloys have long been used in high frequency trans- 
formers and chokes, because of their high permeability, high 
saturation flux density and high Curie temperature. These 
alloys have recently been manufactured by powder 
metallurgy in the form of a very thin strip with remarkably 
uniform properties and physical dimensions, enabling 
miniature magnetic cores of high efficiency to be fabricated. 

Mention should be made of the extensive use of non- 
ferrous metals as contact materials in relays and contactors. 
Platinum and its alloys have long been used for light duty 
types, and silver and its alloys for heavier duty. In high 
current density types tungsten or its “heavy alloy” with 
nickel and copper have been found to be appropriate. Nor 
should it be forgotten that batteries, both of primary and 
secondary types, have always found extensive uses through- 
out the electrical industry and continue to do so, with zinc, 
manganese, lead and nickel as major constituents in their 
manufacture. Throughout the telecommunications industry 
die-castings of aluminium and zinc-based alleys are used 
extensively, particularly in the production of small, precision 
components for telephone exchanges, radio equipment and, 
in fact, electronic apparatus of all kinds. 


Power Generation and Distribution 
The story of turbines and generators is very largely one 


Fig. 8—22 kV type KDS6/1 switchboard for Bermuda: view of oil circuit 
breaker with covers removed and raised out of tank 
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of iron and steel. On the alternator side, however, copper 
will continue to be the conductor whenever it is economically 
worthwhile, fabricated into forms permitting direct 
hydrogen- or water-cooling of the tubular windings. Silver- 
bearing coppers of higher recrystallizing temperature have 
become important in permitting higher winding operating 
temperatures. The distribution of the electricity generated 
has always depended upon copper and, to a lesser extent, 
aluminium, the use of which is likely to increase if the 
relative economic situation favours it. Welded aluminium 
is already being used extensively in place of lead for the 
sheathing of power and telephone cables. Mercury arc 
rectifiers and selenium rectifiers have long been in use and 
will continue so, although semiconductor devices are begin- 
ning to invade this field. Fairly extensive use of precision 
die-casting is made throughout this section of the industry. 


Nuclear Power Generation 

Probably the most exciting ofall developments in the 
electrical industry in recent years has been the growth of 
nuclear power generation projects with their promise of 
making a significant contribution to the solution of the 
growing problem of providing adequate generating capacity 
for ever-increasing consumer needs. The years 1947 to 1957 
saw an increase in installed capacity of generating plant in 
England and Wales of 107 per cent. The planned increase 
for the next five years is a further 44 per cent, of which 
nuclear power stations will provide some 15 per cent. By 
1965, some 12 or more such stations will probably provide 
at least 6,000 megawatts of electricity and by 1975 the total 
capacity of nuclear power stations in commission may well 
exceed the 15,000 megawatts envisaged when the original 
plans were set out in the 1955 White Paper. From the 
pioneer station built at Calder Hall by the Atomic Energy 
Authority to the larger stations new in well-advancing stages 
of construction by the various Consortia many advances in 
design, output and efficiency can be seen. The projects are 
indeed vast, and non-ferrous metals necessarily play a large 
and important part in their realization, but many of their 
uses are conventional. The interesting new features have 
been associated with the nuclear reactor itself, the 
fissile fuel elements contained in it, the materials used 
for “canning” the fuel elements and the metals used in the 
control rods which moderate the nuclear reaction and safely 
shut the station down in an emergency. In some designs, 
the heat transfer medium which conveys the heat energy 
generated in the reactor itself to the, perhaps, conventional 
steam-raising unit associated with the turbines and generators 
themselves is also a non-ferrous metal. The new and 
interesting features not only concern the employment of 
metals hitherto rarely used in the electrical industry but also 
the conditions of their use, under neutron bombardment 
and frequently in a corrosive atmosphere. Developments 
take place with a speed such that data on the performance 
of the materials under irradiation are meagre and it is neces- 
sary to extrapolate results to predict behaviour during the 
life of the reactor, usually planned to be of the order of 
20 years. 

The nuclear fuel commonly employed is natural uranium 
containing less than 1 per cent of the fissile isotope U.,;, but 
enriched uranium and thorium are also under consideration 
and are the subjects of experiment. In the nuclear reactor 
the fuel undergoes changes apart from those produced by 
fission processes. Changes in dimensions occur, due to 
anisotropic expansion, irradiation causes creep, and volume 
expansion takes place by the internal accumulation of fission 
by-products and the occurrence of phase changes at elevated 
temperatures. These not only make difficulties in securing 
the satisfactory performance of the fuel element itself, but 
also impose severe stresses on the can used to contain it. 
The solution of these problems may lie in the use of alloys 
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of uranium or the substitution of oxides or carbides of 
uranium or thorium for the metal itself. 

The fuel-element “can” must protect the fuel from 
reaction with the coolant and stop the escape of fission 
products from the fuel into the reactor, as well as provide 
an adequately extended surface for heat transfer. Aluminium 
was employed in the earliest reactors but magnesium alloys 
are now commonly used. They have temperature limita- 
tions, but higher temperatures and specific ratings are 
possible with zirconium and beryllium, both of which 
possess adequately low neutron absorption characteristics. 
Zirconium and its alloys are very expensive, susceptible to 
corrosion in carbon dioxide coolant gas, and likely to be used 
only in such structural parts as supports in the fuel-element 
sleeves. Beryllium is attractive, but the full use of the higher 
Operating temperatures which it makes possible depends 
upon developments in the fuel itself. 

By contrast with the requirements of low neutron absorp- 
tion in the canning material, the control rod elements must 
absorb neutrons strongly to be effective. Cadmium is an 
obvious choice and has been used extensively in research 
and experimental reactors but some practical designs use 
boron-sieel, or boron in steel tubes, rather than cadmium 
metal itself. 


Fig. 9—Fuel cartridge for the Hunterston Nuclear P memeger station 


being built by The General Electric Co. Ltd. for the South of Scotland 
Electricity Board, showing the longitudinal finned can with swirlers, 
both made from Magnox A 12 alloy. 


In some cases, liquid metals have been proposed for the 
coolant and heat transfer medium. Mercury was considered, 
but not used on account of its high neutron absorption. 
Sodium has been used in graphite moderator reactors, but 
suffers severe corrosion. Liquid metal coolants are, how- 
ever, feasible in fast reactor systems, where the neutrons 
emitted in the fission process are not subject to slowing 
down by moderator material. Sodium has good heat 
extracting properties for this purpose but is impracticable 
from reaction and radiation considerations. Potassium has 
not been used other than in the form of the sodium- 
potassium eutectic which, although less efficient as a coolant, 
has the desirable property of remaining liquid down to 
20°C. An experimental system (U.S.A.) has used enriched 
uranium metal dissolved in molten bismuth for circulation 
in the dual role of fuel and coolant. 

It will be clear that atomic energy developments provide 
many specialized problems in the non-ferrous field leading 
to new criteria of purity, reliability and performance. The 
standards required are possibly more severe than in any 
other branch of the electrical industry, apart from the 
semiconductor field, where the possibilities associated with 
failure of the materials do not carry the catastrophic risks 
inherent in reactor systems. Much remains to be done 
before the long term satisfactory behaviour of the metals, 
particularly under irradiation, can be assessed and assured. 





1909 - 1959 


NON-FERROUS 
METALS 


N the Boer War of 1899-1902, each rifleman carried a 
brass butt-plate on his rifle, a brass weight for his 
cleaning pull-through and brass oil bottle. He also had 

his quota of -303 in. ammunition, consisting of solid drawn 
brass cases and lead-antimony bullets with their cupro- 
nickel envelopes introduced to reduce fouling. Cavalrymen 
used swords with brass guards, drawn from scabbards with 
brass mountings. 

The Maxim machine gun, successor to the hand-operated 
Gatling, -45 in. Gardner or -303 in. Nordenfelt machine guns, 
which used a considerable number of cast bronze com- 
ponents, was fitted with a copper-plated steel barrel, brass 
water jacket, cast brass or bronze control handles and other 
minor fittings (see Fig. 1). It was fed with ammunition 
belts consisting of lengths of webbing divided into pockets 
by brass strips. The 1 pr. pom-pom was an up-scaled 
version of the Maxim. 

Large quantities of brass were used for small arms ammu- 
nition cases, but for gun ammunition cases the consumption 
was relatively small, since most guns then were of the 
breech-loading type using bag charges, such as the most 
commonly used 15 pr. and 12 pr. 

Fuze bodies were made in gunmetal—87 per cent copper, 
3-5 per cent tin, 6 per cent zinc, 3-5 per cent lead or (drawn) 
90 per cent copper, 7 per cent tin, 3 per cent zinc. Man- 


Fig. 2—Breech of Breech Loading 12 in. Mk XII gun 
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their Military 
Application 


by L. J. BRICE, M.Sc., F.I.M. 
Armament Research and Development Establishment Fort Halstead 


Fig. 1—0-45 in. Maxim machine gun. 


ganese bronze was used for base fuzes and 60/40 leaded 
brass for fuze rings. 

For shrapnel shell, lead-20 per cent antimony (later 
12-5 per cent antimony) alloy was used for the bullets, of 
which the numbers per shell ranged from 42 in the 7 pr. 
(3 in.) R.M.L., to 638 in the 9-2in. B.L. Zinc was used for 
cartridge cylinders. 

Non-ferrous metals, mainly copper and its alloys, also 
found their way into many miscellaneous applications such 
as harness fittings and accoutrements, R.E. equipment, rail- 
way equipment, telegraph and telephone lines and cable. 
There were important requirements, too, for bearings, drag 
hooks, locks, hubs for limbers, G.S. wagons; lighting and 
heating equipment for barracks and stores, kitchen utensils; 
tinned copper camel tanks, forerunner of the jerrican. 

In view of the importance now attached to control of 
composition, properties and quality of alloys used for the 
Services, it is interesting to note the following, taken from 
Service specifications approved in 1900: 

Cartridges, S.A., Ball, -303 in. Mk. V. 

Case: copper 65-70 parts, spelter 35-30 parts, lead 
<0-3 per cent, total metallic impurities <1 per cent. 
Bullet core: lead 98 parts, antimony 2 parts. 

Bullet envelope: copper about 80 per cent, nickel about 
20 per cent, iron about 0-5 per cent. 

Gun, Maxim, -303 in. 

Gunmetal: “To be hard and tough and free from 
honeycomb or other defects. Copper about 87 parts, 
tin about 11-6 parts, zinc about 1 part. Breaking strain 
>15 tons/in?, elongation >11 per cent”. 

Reading the above, modern manufacturers, harassed by 
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vigilant inspectors will sigh for those tolerant days, when 
compositions were no closer than “about”, although argu- 
ment must have run high at times on the interpretation of 
“about”. It is reassuring to learn from the Royal Commis- 
sion’s report on the war that “gun ammunition was of good 
quality and excelled that of the Boers, whose shells, owing 
to defective fuzes, frequently did not burst”. 

On the other hand, there appears to have been some 
public outcry over faulty ammunition. As a result of the 
recommendation of a Government committee of enquiry, 
which included several eminent scientists, a Chemical 
Research Department was established at Woolwich Arsenal 
in 1903. Metallurgical research on specifically Service 
problems commenced in 1904 with the appointment of 
a chief metallurgist. 


WORLD WAR I 


One of the most important new factors introduced in 
this war was the scale of operations and the consequent 
problems of supply and production. In a little over four 
years, more than 196,000,000 rounds of gun ammunition of 
all types were filled and completed in the U.K. and another 
21,000,000 by Canada and U.S.A. for the British Forces. 
During the Autumn campaign of 1918, an output of 
21,143,000 rounds in three months was achieved in the U.K. 

The Non-Ferrous Metals Department of the Ministry of 
Munitions very quickly became immersed in vital questions 
of sources of supply of raw materials and transportation 
routes, price control, control of distribution to ensure the 
cutting-off of all possible supplies to the enemy and to 
non-essential industry, and the use of substitutes to meet 
shortages. A Metals and Materials Economy Committee 
considered possible savings and substitutions. 

Shell driving bands absorbed a large tonnage of pure 
copper, output increasing from 80,000 rings per week from 
two firms in 1914 to 1,350,000 per week from 114 firms later. 

Owing to prior claims on copper tubing by the Admiralty, 
and shortage of tube-making facilities, alternative methods 
of production to the cutting of specified lengths from tubes 
were introduced. The total production for all sizes was: 
from tubes—91m., brazed strip—44}m., cast—}m., butt- 
jointed—284 m., from pressed cups—49} m.; total—173} m. 
approximately. The substitution of lighter bands for certain 
shell saved 19,000 tons of copper per anaum. 

Large amounts of copper also went into 70/30 brass for 
gaines, primers, vent sealing tubes and cartridge cases. By 
the end of 1917, the trade was producing 2,000 tons of strip 
per week and the special Government mill at Southampton 
about 400-450 tons per week. 

60/40 brass, using 99-25-99-5 per cent zinc, was used for 
fuze bodies. To relieve pressure on rolling mill capacity, 
considerable use was made of hot stamping of billets from 
cast brass containing high proportions of scrap. By 1917, 
1,750,000 stampings per week were being produced. Lead- 
free brass was specified in certain cases, to prevent formation 
of sensitive salts when contact with picric acid was 
unavoidable. 

On certain guns, the breech carrier and carrier ring were 
of cast brass or bronze, the largest being those for the B.L. 
12 in. Mk. XII, shown in Fig. 2, the carrier ring of which 
weighed 34 cwt. Hand wheels, levers and rods on carriages 
were also mainly of cast brass or bronze. Other important 
applications of these alloys included castings for the Vickers 
machine gun mounting; barrel and framework of signal 
pistols; bearing strips and bushes, brackets and housings; 
humane killers, miscellaneous items on web equipment 
(introduced in 1908). 

In the interests of economy, there was special control of 
swarf and scrap, especially in view of the large quantities 
(up to 50 per cent) produced in ammunition manufacture. 
Up to 75 per cent of fired cases were returned for repair, 
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brass was replaced by cast iron for certain fuze bodies, nose 
bushes of H.E. shell, cups for certain shrapnel shell; and by 
steel for central tubes of shrapnel shell, primers and 4-7 in. 
cartridge cases. 

The shortage of zinc was very acute in the early part of 
the war. Problems of supplies included shortage of smelting 
capacity, loss of German spelter (which had absorbed the 
bulk of the Australian output of zinc concentrates) and 
production of 99-9 per cent “fine zinc” for cartridge case 
manufacture. At one period, the need for economy stimu- 
lated trials with 85/15 brass for cartridge case production. 
The Australian output was, however, secured, the Fricker 
process for refining spelter in the U.K. was successful and 
Norway, Canada and U.S.A. helped with “fine zinc” supplies. 
Up to 30th April, 1919, the Non-Ferrous Metals Department 
of the Ministry of Munitions dealt with 181,336 tons G.O.B. 
spelter and 90,067 tons refined zinc. 

The main applications of tin in munitions production were 
for tinplate, solder, gunmetal, bearing metal, “plastic metal” 
for repairing bearings (containing tin 75 per cent, copper 


Fig. 3—Aluminium eagle for Napoleonic regimental standard. (Courtesy 
Aluminium Development Association) 


10 per cent, antimony 12 per cent, lead 3 per cent), shell 
linings, 60/40 tin-lead foil for decoppering guns, 80/20 tin- 
zinc for cartridge lids (later specified to be free of aluminium, 
which was found to cause embrittlement on ageing). 

Antimony was used for lead alloy bullets for shrapnel 
shell and smali arms ammunition and for case shot fillings. 

Large quantities of nickel were consumed for cupro- 
nickel sheet for bullet envelopes, the trade producing 
500 tons per week in 1917 and the Government Southampton 
mill, 60 tons per week. 

Aluminium came into prominence for alloy fuze bodies, 
hand grenades, small arms ammunition bullet tips, incendiary 
bombs, finned radiator casings for the Lewis gun, motor 
transport, explosives and smoke compositions in H.E. shell 
and even water bottles and mess tins. In 1917, consumption 
was 21,440 tons, covering Admiralty (2,000 tons), Air Dept. 
of the War Office (5,000 tons) and the main Army uses: 
smoke mixture (3,136 tons), motor transport (2,250 tons), 





Left: Fig. 4—Die-cast 
percussion fuze in zinc 


Below: Fig. 5—Bofors 
gun foresight die-cast 
in zinc alloy 


fuzes (2,220 tons), high explosives (1,660 tons), machine 
guns (1,066 tons) and ammunition, hand grenades, tanks, 
explosives works, bombs and shell (up to 500 tons each). 
The consumption was reduced by one-third in 1918. 

With progress of the war, economy in military applica- 


tions of aluminium became necessary and there was close 
control of both metal and scrap. Thus in November, 1915, 
brass was substituted for the No. 80 fuze body. Granulated 
metal was made from scrap and swarf for thermit reactions, 
re-melted scrap was used for motor vehicle parts. Granu- 
lated aluminium used in the high explosive, ammonal, was 
reduced from 17 per cent to 6-10 per cent and eventually 
eliminated when amatol was introduced. The order of 
priorities was in fact: Air Depts. of the Admiralty and War 
Office, machine guns, steel making, motor transport, fuzes. 

Towards the end of the war, the U.K. became self- 
supporting in regard to aluminium. Supplies improved so 
much, in fact, that replacement of brass components by 
aluminium alloys was considered. 


Specifications 

The specifying of non-ferrous metals was still very 
unsatisfactory compared with modern procedure. Drawings 
from the Superintendent of Design were marked, where 
appropriate, “Steel” or “Metal”. It was for the Inspectorate 
to draw up store specifications and choose an appropriate 
metal specification or “class” of metal. 

In general, compositions were left to the manufacturers’ 
discretion, provided that any lead content specified in the 
Contract was not exceeded, that “aluminium alloy” contained 
not more than 10 per cent zinc and 1 per cent iron, and that 
the mechanical tests detailed in Table I were met. 

For cartridge brass, copper was still 65-70 per cent, but 
impurities much more closely defined and limited to: 
nickel 0-2, iron 0-15, lead 0-1, arsenic 0-05, cadmium 0-05, 
bismuth 0-006, per cent maximum, antimony nil, tin nil. 

During the war, the scientific treatment of Service metal- 
lurgical problems and helpful advisory relations with design, 
production and inspection departments, and industry, which 
have continued so successfully ever since, were well estab- 
lished. Specific investigations in the Research Department 
covered the design and manufacture of bullet envelopes, 


Metal Industry, 4 December 1959 


Table I—Military Specifications for Non-Ferrous Metals 





Tenacity 
| tons /in* (min.) 


| Yield | Breaking 


Elongation 


Material 
% (min.) 








Class “‘A’’ metal 20 
Aluminium Bronze | 20 
Class “C”’ metal )from finished | 6 
Class ““G”’ metal fr, casting, | 8 
Aluminium Alloy) or stamping | 7-75) 
Class “B” metal . 
Class ““D”’ metal 16 
Class “E”’ metal from 9 
Phosphor Bronze | finished 20 
Manganese Bronze( bar 18 
Special Manganese 13-5 
Bronze 

Hard rolled brass 6 
“A” Bronze = 





Metals designated by ‘“‘Class’’ were to be copper alloys. 


failure of fuze components, the extrusion defect, and the 
behaviour v. properties (especially Brinell hardness) of small 
arms ammunition. Other activities were concerned with 
substitute materials, alternative methods of manufacture, 
specifications and concessions, inspection tests, examination 
of enemy material, and of failures in service. 


WORLD WAR II 


Once again, the scale of operations necessitated a policy 
of stringent conservation, by reduction of consumption, con- 
serving the maximum quantities of material likely to be in 
short supply, substitution, salvage, exploration and develop- 
ment of new idigenous sources of materials and increased 
exploitation of existing sources. The Non-Ferrous Metals 
Control was set up immediately on the outbreak of hostilities 
to implement this policy as well as to secure adequate 
imports. 
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Copper, zinc and lead came under statutory regulation at 
once; tin, nickel, cadmium in December, 1941, following 
Pearl Harbour; antimony, in January, 1942; cobalt, in May, 
1942; manganese under “supervision” from December, 1941. 

Copper was, of course, again in great demand for brass 
cartridge cases, shell bands, and fuzes. Attempts to replace 
brass by aluminium or steel for cartridge cases did not reach 
production stage. A small, but highly important, require- 
ment was for phosphor bronze for A.A. mechanical fuze 
hairsprings. Vehicle components included tinned copper 
radiator labyrinths, bronze bearings, gear selector forks, etc. 
For guns and carriages, consumption was nearly 2,250 tons 
alloys p.a.—20 per cent rods, bars and section (75 per cent 
manganese brass, 25 per cent phosphor bronze) and 


80 per cent castings. For the 3-7 in. A.A. Mobile Mounting 
Cradle a 1,250 Ib. casting in STA. 7/CM.6A (57-63 per cent 
copper, 0-5 per cent maximum tin, 1 per cent maximum lead, 


Above: Fig. 6—Sand-cast aluminium alloy gun cradle 


Right: Fig. 7—Cast magnesium alloy gun mounting 


0-5-1 per cent iron, 2 per cent maximum manganese, 
0-5-2 per cent aluminium) was used, whilst the 40 mm. 
L/60 Light A.A. gun had a base and side frame casting in 
CG.3 (88/8/4 gunmetal). Another important requirement 
of copper was for communications, instruments and elec- 
trical equipment. Aluminium bronze, phosphor bronze, and 
beryllium copper were used for tools for use with high 
explosives. 

Although consumption rose from 258,000 tons in 1938 to 
a peak of 450,800 tons in 1942, the maintaining of adequate 
supplies (from Canada, Rhodesia, South Africa, Congo and 
U.S.A.) remained acute throughout, even with economies 
such as development of the use of steel, clad with cupro- 
nickel or gilding metal, for bullet envelopes, replacement of 
brass fuze components by zinc base die-castings, of equip- 
ment (buttons, badges) by steel, and gun mounting castings 
by meehanite. 

In peak quarters, the rate of output of brass and other 
copper alloy sheet and strip was 470,000 tons per annum. 
Industry increased output fourfold. 

To overcome bottlenecks in the production of extruded 
and rolled bar, cast bars were used for stampings: and 
at one period, to increase production, gravity die-cast 
aluminium bronze (11 per cent aluminium, 3 per cent nickel) 
replaced steel for Sten gun breech blocks. The use of lead- 
bearing brasses greatly increased production by reduction of 
machining times for components. 
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Apart from essential requirements such as brass, die- 
castings, strip and sheet for battery cans, oxide and dust for 
smoke mixtures, the use of zinc had to be severely limited, 
especially from 1941. Considerable economies resulted from 
excluding normal galvanizing except for a few special 
Admiralty requirements, reducing thickness of coatings as 
on wire and wire rope, and using alternative protective 
coatings such as Bonderizing, Parkerizing and Brunofix. 
After 1941, zinc milk bottle caps were replaced by 92/8 
tin/zinc and then aluminium. 

Supplies of lead were needed mainly for cable sheathing, 
batteries, for fighting vehicles, etc., bullet rod and shrapnel, 
solders, 40/60 lead/tin decoppering foil, 4-5 per cent tin/ 
<1 per cent antimony foil for detonator caps, lead /3 per cent 
tin tubing for “Fuze, Instantaneous, Detonating” (“Cordeau 
Detonant”). Fine grain copper or copper -tellurium 
chemical lead was introduced for improved resistance to 


vibration or thermal expansion and contraction. New cable 
sheathing alloys with increased resistance to fatigue con- 
tained 0-8-0-9 per cent antimony or 0-4 per cent tin/0-15 per 
cent cadmium or 0-4 per cent tin/0-2 per cent antimony. A 
considerable tonnage of the latter alloy was used for “Pluto”. 
With severe restrictions on use of lead sheet and pipe for 
buildings, the supply position was satisfactory and, in fact, 
lead was used at times to replace scarcer materials, e.g., 
white lead replaced zinc oxide for paints. 

A serious situation arose after the loss of Malaya and 
Dutch East Indies, which involved the cutting off of over 
60 per cent tin supplies available to the Allies. Consump- 
tion had quickly to be reduced by about 50 per cent. 
Consumption for tinplate was reduced to 30 per cent by 
replacing, for example, tinplate drums for oil and food 
containers by blackplate or by other protective coatings and 
by use of terneplate. In the alloy field, the use in solder 
was cut by 50 per cent by the use of economy soft solders 
(B.S. 219: 1942) and in bronzes by a considerable amount, 
by the use of B.S. “War Emergency” compositions, such as 
the 86/7/5/2 or 85/5/5/5 Cu/Sn/Zn/Pb alloys. 

Greater use was made of lead-base bearing metals. At 
one period tin-lead decoppering foil was replaced by lead 
foil (4-5 per cent tin +1 per cent antimony or up to 
4 per cent “other elements”). 

In 1942, consumption (85 per cent for Government) was 
about 14,000 tons for alloys, 8,000 tons for solder, 5,500 tons 
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for tinplate, the balance for foil and collapsible tubes, tinned- 
copper wire, compounds and salts, tinning, etc. About 
30 per cent of this consumption was in the form of scrap. 

In 1942 and 1943, there was a danger of inadequate 
supplies of nickel, and consumption was reduced from 
22,500 to 17,200 tons per annum by restricted uses (e.g., 
cupro-nickel replaced by gilding metal, or gilding metal- 
coated steel for bullet envelopes) and war emergency com- 
positions, as for alloy steels, which accounted for 75 per cent 
consumption. Towards the end of 1944 the position was 
greatly eased. 

The principal “non-ferrous” uses were for cupro-nickel; 
nickel silver (14-16 per cent nickel or 9-11 per cent nickel) 
for instruments, surgical instruments, electrical apparatus, 
badges, cutlery and flat ware; Monel metal for fuze inertia 
pellets, searchlight electrode holders, tools for use with 
explosives; and aluminium alloys. Also, over 500 tons per 
annum of nickel anodes were used, especially for building 
up worn or over-machined parts by electrodeposition. 

Earlier, separate controls for aluminium, light alloys and 
magnesium were taken over by the Light Metals Control 
in July, 1941. 

The bulk of Service releases of aluminium was for aircraft 
construction. There were, however, very limited non- 
aircraft applications. In these, castings and wrought metal 
had to have a minimum of 25 per cent and 75 per cent 
virgin metal respectively, except when wholly secondary 
casting alloys, D.T.D. 424 and 428 and a key alloy 
D.T.D. 479 for reclaimed metal were specified. Relatively 
small quantities went into tank engine castings, lighting and 
gun control systems, military transport, bridging and 
pontoons. Tank periscope prism mountings had to shatter 


on being hit and were of a special alloy containing 
17-21 per cent copper, <4 per cent silicon, 2-6 per cent zinc, 
0-14-0-20 per cent titanium. Time fuze caps were gravity die- 


cast in aluminium-silicon, L.33, 40 mm. ammunition charges 
die-cast in D.T.D. 424 and 40 mm. A.A. fuze bodies 
machined from Duralumin bar and anodized. Other applica- 
tions included V.T. fuze forgings, magazine covers, bomb 
tail units, radio equipment, mess tins and containers. Pre- 
war trends to introduce aluminium for kitchen and field 
cooking utensils, hollow ware, barrack and hospital stores, 
had to be stopped. With cuts in the aircraft programme 
from mid-1944, substantial quantities of aluminium became 
available for non-aircraft purposes. 

There had been abortive experiments before the war with 
magnesium artillery wheels and up to July 1940, certain 
vehicle components were permitted in magnesium alloy. 
Thereafter, however, the whole of the virgin and secondary 
magnesium available was used for incendiary bomb castings 
(52-5 per cent)—over 91 million 4 lb. Mk. I bodies of 
3-5-5 per cent aluminium alloy were produced 1939/45— 
aircraft castings (22 per cent), powder pyrotechnics—as for 
star shells, flares, photo flashes, etc—(8-3 per cent) and, in 
relatively small amounts, for sheet, strip, extrusions and 
forgings for aircraft. The army was virtually excluded from 
participation. 


Miscellaneous Applications 

Although ammunition in particular accounted for such 
large consumption of the base metals, other important appli- 
cations of a variety of non-ferrous metals must not be 
overlooked. These include gunfire control equipment, 
optical instruments, electrical testing and measuring instru- 
ments, infra-red and ciné equipment, transformer windings, 
fractional horse-power motors, magneto slips, platinum for 
contacts, relay leaf springs, control springs, and thermionic 
valves. 

Cobalt was used as a binder (10-13 per cent) in tungsten 
carbide armour piercing cores, and in permanent magnets. 
Significant quantities of zinc, cadmium, tin and lead were 
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Fig. 8—Aluminium alloy liquid fuel container for portable flame-thrower 


Fig. 9—Die-casting: Left, valve from petrol pump in silicon brass. Right, 
Fighting vehicle gearbox component in aluminium _bronze. 


used as protective coatings against corrosion, but considera- 
tion of this group of applications has been deliberately 
omitted from this article. 


Die-Casting 

The use of this production technique for Service com- 
ponents was a vital factor in maintaining high rate of output, 
economizing in metal and in man-hours (through simplicity 
of operation and elimination of most machining operations). 
Mazak 3, based on high purity (99-99 per cent+) zinc and 
very low impurity contents, introduced before the war, was 
used in very large quantities. In the peak year, 1942, about 
50,000 tons of zinc were used. On occasion the average 
weekly output was 12,000,000 ammunition die-castings, mainly 
fuze components, mortar bomb tails, grenade centre pieces 
and bodies, plugs, shell caps, nose adaptors. A large 
proportion of these had cast threads. The Q.F. 40 mm. 
A.A. gun equipment also included die-castings for the sight, 
telescope cradle, range drum: the 17 pr. A/T guns also 
had die-cast range drums and telescopic cradles. 

Earlier embrittlement troubles arising from excess of 
impurities (especially lead, tin, cadmium) were largely 
overcome by the issue in December 1941 of B.S. 1003 and 
1004. The necessary high quality of Service castings was 
further maintained by the activities of the Advisory Com- 
mittee (Die Casting) set up in August 1941, and consisting 
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of Service and industrial representatives. This body issued 
a unique specification controlling manufacture and inspec- 
tion of zinc alloy die-castings, and a background booklet. 
It also classified die-casting firms, set up facilities for 
extensive X-ray examination of castings and spectrographic 
analysis and, through its industrial members, gave expert 
advice on design and production technique. 

Compared with zinc alloy die-castings, the production of 
aluminium alloy die-castings for non-aircraft purposes was 
severely restricted. However, useful quantities of fuze caps, 
ammunition chargers, bomb tail units, etc., were produced. 


Specifications 


Before World War II, a number of Service departments 
issued their own metal specifications, in certain cases a firm’s 
own internal specification was used, and chemical com- 
positions were often only loosely specified, or not at all, as 
in the “Class” and other metals listed in Table I. This 
situation complicated ordering, supply and inspection, and 
many manufacturing difficulties arose through wide varia- 
tions in compositions supplied to the same “specification”. 

Under a new, largely advisory, department in the Ministry 
of Supply—Superintendent of Technical Applications of 
Metals, set up during the War—the very important task of 
co-ordinating and rationalizing metals specifications was 
undertaken, in full co-operation with Service departments, 
the British Standards Institution and industry. The result 
was the issue and widespread use of B.S./STA. 7, “Services 
Schedule of Non-Ferrous Metals and Alloys”. 

In addition to a section on “Conditions of Supply”, there 
was a section for each metal group in which the individual 
metals and alloys were specified by composition and 


wherever appropriate by mechanical properties, each having 
a separate designation, which could be quoted on drawings. 
The highly unsatisfactory situation existing previously was 
thus largely rectified. A notable achievement was the specify- 


ing for the first time of compesitions for high tensile brasses, 
which considerably eased machining problems. Generally, 
compositions were identical with or similar to B.S. Specifica- 
tions, although special purpose alloys were included, such 
as the base fuze alloy, nominally copper 57 per cent, zinc 
37 per cent, manganese 2 per cent, iron 1 per cent, 
aluminium 3 per cent, and the die-casting alloy for the Sten 
gun breech block, nominally aluminium 11 per cent, iron 
3 per cent, nickel 3 per cent, copper remainder. 

Separate S.T.A. specifications were issued to cover copper 
rings and strip for driving bands, 95-98 per cent copper/ 
5-2 per cent zinc strip for detonator shells and percussion 
caps, 70/30 brass strip for cartridge cases and caps, gilding 
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metal strip and gilding metal coated or cupro-nickel coated 
steel strip for bullet envelopes, terneplate. 

A feature that came into special prominence during this 
war was the behaviour of stores and individual components 
under tropical and arctic conditions. This involved con- 
siderable time and effort in ascertaining properties of 
materials at low and elevated temperatures, effective protec- 
tive treatments and packaging. 


POST-WAR 


The demand for “conventional” armaments and equip- 
ment is likely to continue for a long time, though on a more 
limited scale. Considerable modifications to design to meet 
modern requirements have in many cases, however, involved 
changes in materials to be used. A special feature is the 
need for reducing weight to a minimum, e.g., for airborne 
equipment, engineering equipment such as bridges, pon- 
toons, etc., gun carriages, mortar barrels and baseplates, 
discarding sabots for high velocity shell. Thus, light alloys 
have come into prominence, particularly aluminium alloys 
and, to a lesser extent, magnesium alloys. For the time 
being, particularly while relatively costly, titanium alloys 
have very limited potential Army applications. 

A feature of the “post-war” period has been the intensive 
development of new ranges of weapons—atomic, guided, 
rockets; for these, the special conditions of operation demand 
ferrous rather than non-ferrous alloys, although light metals 
have been considered in certain projects, for example, 
Duralumin for rocket motor tubes. 

Much of the information in this article has been obtained 
from the following sources: 

1. Report of H.M. Commissioners appointed to enquire 
into the Military Preparations and other Matters connected 
with the War in South Africa—Cmd. 1789, H.M.S.O. 

2. History of the Ministry of Munitions —H.M.S.O. 

3. History of the Second World War.—H.M.S.O. 

(a) Statistical Digest of the War. 
(b) British War Production. 

4. Histories of the Non-Ferrous Metals and Light Alloys 
Controls (unpublished). 

In addition, grateful acknowledgment is made to many 
colleagues in the Ministry of Supply, officers in the Board 
of Trade and War Office library, members of the staff of the 
Royal Military College of Science, Dr. H. Moore, C.B.E., 
former Director of Metallurgical Research, Woolwich 
Arsenal, The Zinc Alloy Die Casters Association and Mond 
Nickel Company for information and provision of docu- 
ments. Figs. 1,2,6,7,8 and 9 are Crown Copyright reserved, 
reproduced by permission of the Controller, H.M.S.O. 


Fig. 10—Worn components built-up 
with electrodeposited nickel 
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An Aluminium Warehouse 


Aluminium 1s the keynote, both in con- 
struction and in the goods it will house, 
of the new building in Clement Street, 
Birmingham, which has recently been 
completed for Aston Aluminium Ware- 
house Company Ltd. and which was 
formally opened on behalf of the company 
by Mr. H. R. Murray Shaw, director of 
the Aluminium Industry Council, on 
Tuesday last. 

Since its formation in 1949, in what 
was formerly a disused bakery at Aston, 
the company has twice outgrown its 
available premises, and it was this year 
found necessary to move once again, and 
this accommodation in Clement Street 
provides still more extensive accommo- 
dation. Aluminium is used wherever 
possible in the construction of the new 
building. The roof, window frames, 
curtain walling and many other factors 
are made in light alloy, many of the 
fittings have been anodized, in some cases 
in natural and in others dyed. 

The spacious well planned warehouse 
and adjoining departments have all been 
designed solely for the storage and resale 
of aluminium. The warehouse is heated 
by oil in order to maintain an even tem- 
perature, and to overcome temperature 
changes and consequent condensation. 
The offices occupy two floors and have 
floor heating thermostatically controlled. 

The company supplies aluminium and 
aluminium alloy “semis” in varying quan- 
tities, shapes, sizes, grades and hardness, 
and it may well be that the company is 
now one of the largest of its kind in the 
country. An essential feature of a 
specialist warehouse is to pay careful 
attention to probable new outlets for the 
metal. In recent months there has been 
a growing interest in the use of aluminium 
alloys in commercial transport and in the 
building industry. New designs for lorry 
bodies calling for special sections in light 
alloy have become popular. To meet this 
need the company has set up a separate 
organization in Alloy Transport Sections 
Ltd. The purpose of this concern is, 
first, to mect from stock supplies of 
special sections, plate and ancillaries for 
the lorry body builder; secondly to 
supply a complete broken-down kit, and 
finally for quick assembly of light alloy 
bodies on the spot. 

Many of the leading personalities in 
the aluminium industry were present on 
Tuesday at the opening of the new 
buildings, and were also able to inspect 
the warehouse, offices, etc., which will 
enable the company to provide an increas- 
ingly rapid and efficient service to the 
industry in the Midlands. 


Vacuum Metallizing 

Evidence of the increasing use of 
metallized paper and plastics in the pack- 
aging and electronic industry is shown by 
the sale of metallizing plant by Vacuum 
Research (Cambridge) Ltd. Three metal- 
lizing plants, each capable of turning out 
nearly two and a half acres of metallized 
plastics film or paper per hour, have been 
exported to the United States. A com- 
plete plant has also been recently exported 
to Sweden. 

These large machines deposit alu- 
minium on to a moving web 60 in. wide, 
travelling at 5ft/sec. For the electronic 
industry a new technique has been 
evolved for the production of metallized 


film in narrow widths with a metal-free 
margin for use in capacitors. The master 
roll is metallized, margined, slit and 
re-reeled on to narrow spools in a single 
operation. 


Light-Alloy Towers 


Radio towers, two in number, have 
been designed and manufactured by 
Saunders-Roe Structures Ltd. These 
towers were ordered for a Government 
Department for erection on a site over- 
seas, the nature of the site being such 
that a guyed mast could not be used and 
the base area of the mast had to be of 
minimum size. Light alloy was selected 
as being the most suitable material, 
it required little maintenance. 

The towers, which are of novel design, 
are each 366 ft. high in the fully extended 
condition; and may be adjusted (during 
erection) over a range of 16 ft. to suit the 
final detail electrical characteristics of the 
transmitting installation. Each side of 
the triangular base of the tower is only 
20 ft. The diameter of each of the 
tubular legs at the base measures only 
73 in., graded to 5in. at the top, and the 
total weight of a complete tower, exclud- 
ing insulators, is less than seven tons. 
Because of their new features, these 
towers and their components have been 
subjected to considerable testing. For 
example, the main joints have been tested 
to destruction, welded specimens have 
been similarly treated, and the final com- 
ponents have received control checks. 


Shipped to South Africa 

Measuring 34ft. in length, what are 
described as the longest one-piece non- 
slip stair treads ever to leave this country 
have just been shipped to South Africa 
by Ferodo Limited. These stair treads 
are destined for Witwatersrand Univer- 
sity at Johannesburg, where they will be 
fitted in the main entrance of the mining 
and geology block. 

To keep the stair treads, which are 
aluminium channel with Ferodo non-slip 
fabric inserts, perfectly rigid in transit, a 
special packing case with extra reinforce- 
ments was made. 


A Brussels Conference 

Under the auspices of Cebelcor, l’Asso- 
ciation Belge d’Electrodéposition has 
organized a conference on “Infleunce Des 
Formes Sur L’Aspect Des Depots Elec- 
trolytiques”, by M. Godeaux, to be held 
on December 17 next at 3 p.m., at 
Fabrimetal, 21 rue des Drapiers, Brussels. 

The conference will be followed by a 
general debate on all matters relating to 
electrodeposition. Further information 
may be obtained from the secretary 
of Cebelcor, 24 rue des Chevaliers, 
Brussels, 5. 


Pig Iron from Scrap Steel 

Although electric arc furnaces used for 
the production of steel from scrap metal 
are quite common to-day, the production 
of pig iron from reclaimed scrap steel is 
said to be a departure from normal 
practice. 

Ferranti Ltd. have recently installed a 
new Birlefco 3 ton capacity electric-arc 
furnace which will now enable them to 
indulge in this new process. The com- 
pany believes that they are the first heavy 
electrical engineering company in this 
country to put such a scheme into 
operation. 


The new 1,600 kVA furnace, installed 
in the foundry, consists of a cylindrical 
refractory-lined, bowl-shaped shell of 7 ft. 
diameter with three triangularly-spaced 
electrodes projecting vertically through 
the removable roof and connected through 
flexible cables to a furnace transformer. 
The roof ring in which the roof refrac- 
tories are seated is water-cooled, as are 
the electrode arms and clamps in which 
the 8 in. dia. by 6ft. long electrodes are 
held. 


A Top Award 


Employees of Holman Brothers Ltd. 
are encouraged by what is called the 
“Suggestogram” scheme to put forward 
suggestions for improving efficiency, in- 
creasing productivity and cutting produc- 
tion costs. Not only does it promote the 
active interest of employees in the group’s 
manufacturing activities, but there are 
also generous rewards for any good idea 
adopted. To quote from the Holman 
Group Handbook, “the awards usually 
equal the estimated direct wages saved in 
one year.” A_ substantial saving in 
material is also rewarded. 

In a recent review by the Suggesto- 
gram Committee of the current ideas 
received, the top award went to a 28-year- 
old, Mr. William Small, an inspector in 
the Carn Brea works, who has been 
presented with a cheque for £580 by the 
company. His idea has resulted in a new 
method of lining vats used in an electro- 
plating process which cuts installation and 
renewal costs appreciably. 


Forthcoming Meetings 


December 8—lInstitute of Metals. South 
Wales Section. Royal Institution, 
Swansea. Discussion on “The Study 
of Metallurgy”. Contributions by Prof. 
A.R.E. Singer, Prof. E. S. Sellers, Prof. 
R. H. Macmillan and M. R. Hopkins. 
7 p.m. 

December. 9 — Non-Destructive Testing 
Society of Great Britain. Birmingham 
Branch. Engineering Centre. “Some 
Aspects of the Economics of N.D.T.” 
W. G. Cook. 7 p.m. 

December 9 — Society for Analytical 
Chemists. Midlands Section. Wolver- 
hampton and Staffs. College of Tech- 
nology. “The Determination of Trace 
Impurities in Metals.” Discussion. B. 
Bagshawe, W. T. Elwell. 7 p.m. 

Birmingham Metallurgical Society. Joint 
Meeting with Birmingham 1 Sec- 
tion of Institute of Metals. College of 
Technology, Gosta Green, Birmingham, 
4. “Hot Dip Galvanizing.” M. L. 
Hughes. 6.30 p.m. 

December 10—East Midlands Metallur- 
gical Society. School of Art, Green 
Lane, Derby. “Vacuum Metallurgy.” 
7.30 p.m. 

December 10—Institution of Production 
Engineers. Northern Ireland Region. 
Kensington Hotel, Belfast. “Extraction 
and Fabrication of Aluminium.” D.H 
Abel. 7.30 p.m. 

December 10 — Institute of British 
Foundrymen. Beds. and Herts. Section. 
K. and L. Steelfounders and Engineers 
Limited, Letchworth. Liaison meeting 
with guest members from London. 
“CO, Process.” T. C. Wilson. 7.30 p.m. 
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Non-Ferrous Metal Prices 
London Metal Exchange 


Thursday 26 November to Tuesday 1 December 1959 
LEAD 
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Primary Metals 
All prices quoted are those available at 2 p.m. 1/12/59 
we 
Copper Sulphate .... ton 78 10 0 


10 











Aluminium Ingots .... ton 180 
Antimony 99°6% .... i197 
Antimony Metal 99% .. 190 
Antimony Oxide .... 180 
Antimony Sulphide 

Ey 


cooof 
me 


Silicon 98% 
Silver Spot Bars 


_ — 
yuo Oo 


Ahtimony Sulphide 
Black Powder 


Lead English 
Magnesium Ingots.... 
Notched Bar 
Powder Grade 4 .... ,, 
Alloy Ingot, A8 or AZ91 ,, 
Manganese Metal .... ton 245 
Mercury 
Molybdenum 


ou 


Tin 
*Zinc 
Electrolytic 
Min 99-99% 
Virgin Min 98%, 
Dust 95/97% 
Dust 98/99% 
Granulated 99+ % .. 
Granulated 99-99+% _,, 


* Duty and Carriage to customers’ works for 
buyers’ account. 


0 
0 
0 
0 
0 
0 
0 
16 
9 
0 
0 
6 
4 


Cadmium 99:9% 

Calcium 

Cerium 99% 

Chromium 

Cobalt 

Columbite.... per unit 

Copper H.C. Electro.. 
Fire Refined 99-70% 
Fire Refined 99:50% 


— 
Or ooaceoo o 


VIiVIS SOOO NHNAND 
AWoooeoetKOCOaccoo-» 
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ooo 


Foreign Quotations 


Latest available quotations for non-ferrous metals with approximate sterling equivalents based on current exchange rates 





Belgium Canada France Italy Switzerland United States 
fr/kg <~£/ton c/lb + £/ton fr/kg —~£/ton lire/kg=~f/ton | fr/kg=f/ton c/lb = £/ton 





22.50 185 176 224 168 0 375 221 5 | 2.50 212 10 26.80 214 10 
230 171 10 450 265 10 29.00 232 0 
1,300 975 0 130.00 1,040 0 


i 9 

Electrolytic | 33.25 244 17 6 30.00 247176 333 249 17 6 300 2550 33.00 
Lead 10.75 88126 103 ye 98 0; .91 7776 13.00 
Magnesium 
Nickel 70.00 578 5 900 675 0O 708 0} 7.50 637 10 74.00 
Tin 109.56 806 2 6 1,108 831 0 919 10 | 9.75 828 17 6 100.62 
Zinc 

Prime western | 

High grade99.95) 

High grade99.99 

130.00 97100 


Thermic — 
Electrolytic 138.00 103 100 121 12 6 | 1.20 102 0 14.00 
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Aluminium 
B.S. 1490 L. 
B.S. 1490 L. 
B.S. 1490 L. ad 
B.S. 1490 L.M6 .... 


*Aluminium Bronze 


BSS 1400 AB.1...... ton 
BSS 1400 AB.2...... 


0 
- ton 


” 


+++ 
mie 


” 


Aluminium 
Sheet 10 
Sheet 18 
Sheet 24 
Strip 10 
Strip 18 
Strip 24 
Circles 22 
Circles 18 
Circles 12 
Plate as rolled 
Sections 
Wire 10 S.W.G. 
Tubes lin. o.d. 


q 
o 
> 
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Aluminium Alloys 
BS1470. HS10W. 
Sheet ; 
Sheet 
Sheet 
Strip 
Strip 
Strip 
BS1477. 
Plate as rolled .... 
BS1470. HCI5WP. 
Sheet 
Sheet 18 
Sheet 
Strip 
Strip 
Strip 
BS1477. HPCISWE, 
Plate heat treated. . 
BS1475. HG10W. 
Wire 
BS1471. J 
Tubes 1 in. o.d. 16 
S.W.G. 
BS1476. HE1OWP. 


PRMMMY 
adda. 
Sanaaaa 


Brass 
Tubes 


Drawn Strip Sections 


210 


210 


172 
185 
192 
200 


ocooocecoeococeoco’ 


s (Secondary) 


d, 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Ingot Metals 


Metal Industry, 4 December 1959 


All prices quoted are those available at 2 p.m. 1/12/59 


, te * 


ton 


*Brass 
BSS 1400-B3 65/35 . 
BSS 249 
BSS 1400-B6 85/15 . 


*Gunmetal 
R.C.H. 3/4% ton .... 
(85/5/5/5) LG2 
(86/7/5/2) LG3 
(88/10/2/1) 
(88/10/2/4) 


*Manganese Bronze 
BSS 1400 HTB1 .... 
BSS 1400 HTB2 .... 
BSS 1400 HTB3 .... 


Nickel Silver 

Casting Quality 12% 
+ 16° /o 
18% 


3” 


”» 


»” ” 


*Phosphor Bronze 
B.S. 1400 P.B.1. (A.1.D. 
released) 
B.S. 1400 L.P.B.1. 9° 


* Average prices for ihe pa week-end. 


d. 


Phosphor Copper 


Phosphor Tin 
5% 


Silicon Bronze 
BSS 1400-SB1 


Solder, soft, BSS 219 


Grade C Tinmans.... 
Grade D Plumbers .. 


Solder, Brazing, BSS 1845 
Type 8 (Granulated) Ib. 
Type 9 ” 


Zinc Alloys 
B.S.S.1004 Alloy A .. ton 
B.S.S.1004 Alloy B .. 
Sodium-Zinc 


»” 


Semi-Fabricated Products 


Prices vary according to dimensions and quantities. The following are the basis prices for certain specific products. 


& NON WWWNNN WN 
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Brass 
Condenser Plate (Yel- 
low Metal) 
Condenser Plate (Na- 


197 
209 


Locomotive Rods . 


Cupro Nickel 
Tubes 70/30 


Lead 
Pipes (London) 
Sheet (London) 
Tellurium Lead 


Nickel Silver 
Sheet and Strip 7% .. Ib. 
Wire 10% 


Phosphor Bronze 


. ton 111 10 O 
109 5 0 
£6 extra 


» 
” 


Titanium (1,000 Ib. lots) 
Billet 43” to 18” dia... 
Rod }* to 4” dia. 

Wire -036°--232” dia. 
Strip -003” to -048” .. 
Sheet 8’ x 2’. 20 gauge 
Tube, representative 

average gauge 
Extrusions 


Ib. 54/- 55/- 
95/- 62/- 
167/- 110/- 
200/- 75/- 
85/- 


300/- 
105/- 


130 15 0 





Merchants’ average buying prices delivered, per ton, 1/12/59. 


Aluminium 


Old Rolled 
Segregated Turnings 


Brass 


Copper 
Wire 


£ 
151 
135 
108 


166 
153 
126 
120 
156 
121 
146 
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And... . Why not! 


Frankly the purpose of this advertisement is to bring to your notice 
that our prices for non-ferrous ingots of the highest quality may well be a good deal cheaper 
than those you are already paying—and our deliveries are 
exceptionally good, too. Then why the setter with philosophical doubts? 
Well, we thought that at first sight you might be 
rather more interested in her than in us. 
But now we have come this far together, 
may we send you particulars 
of our production facilities and 


details of our very keen prices? 





“BGAL 


METALS LTD 


METALS LIMITED - ENFIELD - MIDDLESEX - HOWARD 3351* 
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Jot the largest selection of 
NON -FERROUS METALS 


including :- 

BRASS, COPPER, GUNMETAL, 
**DURALUMIN”’’ ALUMINIUM, 
NICKEL SILVER, PHOSPHOR 
BRONZE, ETC. 


General Engineering 


CASTINGS - SHEARING 
SAWING -GUILLOTINING 


A.1.D. APPROVED 





| - SMITH » sons 


42/54 ST. JOHNS SQUARE, 
EST. 1780 CLERKENWELL, LONDON, 
E.C.I. 


Clerkenwell 1277 (14 lines) 
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DO YOU USE 


TO MAKE 


THEN 


We are operating the processes 
developed by the Battelle Develop- 
ment Corporation in the United 
States and Societe Jacquet Hispano 
Suiza in France, under licence 
from Modern Electrolytic Patents 
& Processes Limited. The processes 
are approved by the Ministry of 
Supply and are extensively used 
for the treatment of components 
in the Aircraft, Automobile, 
Ordnance, Electronic and Medical 
supply industries and are covered 
by world patents. 


Stainless Steel, Stainless Iron, Alloy Steel, Carbon 
Steel or Nickel Chromium Alloys, 


Castings, Forgings, Spinnings, Pressings or Wirework, 


You must have an application for Electropolishing, 
Electro-machining, or Electro-deburring. 





Process Control Laboratory of The 
Brightside Plating Company. 


Our Laboratory is at your disposal for advice—our modern efficient plant ready to serve you. 


ELECTROPOLISHING 
Adds lustre, removes surface defects and gives 
improved corrosion and tarnish resistance to 


the metals. 

ELECTRO-DEBURRING 
Saves labour and produces sweeter running 
components. 


ELECTRO-MACHINING 


Saves time and removes metal uniformly 
all over. 


TYPICAL APPLICATIONS 

Automobile trim, heat exchangers, ballraces, filigree work, 
cutlery, flatware, holloware, jewellery, surgical instruments 
precision castings, turbine blades, springs and electronic 
components. 





THE BRIGHTSIDE ELECTROPOLISHING CO., LTD. 


BREARLEY STREET, BIRMINGHAM, 19. 


Tel: ASTON CROSS 2663-2664 
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GORDON SIMPSON 


(ASSAYER) LIMITED 
ANALYTICAL CHEMISTS 
ASSAYERS AND SAMPLERS 
On Metal Exchange List of Assayers and Samplers 

LABORATORIES AND ASSAY Serees 





METALS and ALLOYS 
FIFTH EDITION 
The alloys listed are usually regarded as non-ferrous, and are limited’ to 
those containing — — than 50 per cent of iron. Many of them have 
definite ‘‘names”’ and the book includes not only those go 4 alloys 
but also many am which, although not proprietary, usually have a 
recognized composition. 
15s. net. By post 16s. 











191 oan ROAD, LONDON, 


hone: BRixton 1671 














lliffe & Sons 





Obtainable at all ‘ 00d booksellers or from 
td.,: Dorset House, StamfordjStreet, London, S.E.1. 











E’szmirshexs 


HARD CHROME 
HEAVY NICKEL 


Deposition BARREL PLATING 


CHROME 


LIMITED 


66-72, EYRE ST. SHEFFIELD - 1 


Telephone: 26771-2 Telegrams: PHONE 26771-2 





COST ACCOUNTING 
AND THE ENGINEER 


By KENNETH B. MITCHELL, 
A.C.W.A., AFF, 1.W.M. 


This book sets out to explain cost accounting 
and how it operates to the engineer on the shop 
floor. The approach is simple and direct, the 
reader being shown in a practical manner how 
modern cost accounting influences every depart- 
ment. Special attention is given to problems of 
budgeting and budgetary control. 


10s. 6d. net. By post lls. 4d. 
Obtainable from booksellers, published by: 


lliffe & Sons Ltd. Dorset House, 
Stamford Street, London, 





ALD. REGD. No. D.LLARM 
53079/31. APPROVED No. 
AIR REG. BOARD 1A/42/5/260 
AUTHY. No. A1/1268/39 
18 NEW WHARF ROAD, LONDON, N.1. 
Telephone: TERMINUS 7263/7 





Heavy Electro Deposition 
of Chromium, Nickel 
and Copper by 


Established 1920 
is now available at 
London * Port Glasgow * Huddersfield 
Brownhills, Staffs. 


FESCOL LTD.* NORTH ROAD LONDON N.7 
NORTH 3025 TGA F43 

















HANDBOOK OF INDUSTRIAL 
ELECTROPLATING 
E. A. Ollard, A.R.C.S., F.R.LC., F.LM., 
and E. B. Smith 

Facts, figures and formulae for all who 
design, erect, maintain or operate electro- 
deposition plant, and for laboratory 
workers who deal with plating solutions. 
Includes sections on water and drainage 
purifications of solutions, storage and 
handling of chemicals and plating-shop 
costing. 

35s. Od. net. by post 36s. 5d. 


from all booksellers or Iliffe & Sons fat. 
Dorset House, Stamford Street, S.E.1 








METALLURGICAL 
PROGRESS 


One of the most time-consuming tasks for 
advanced metallurgical students and re- 
search workers is ‘Searching the 
literature.” This 3rd edition does this 
task brilliantly and comprehensively. 


6s. Od., post free. 


From all booksellers, published by 
lliffe & Sons Led., Dorset House, Stamford Street, 
London, S.E.1. 
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FINISHING BULK SILVERING 
QUANTITIES OF jj : 
SMALL ARTICLES 











lm NICKEL 
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FULLY APPROVED A.I.D. 
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aluminium foil 
or armour 
plate 


Left-hand 
illustration: 14” Pressure 


Regulating Roller Leveller 


Top right-hand: 
1}” Processor Leveller 


Bottom right-hand: 
2)” Pressure Regulating 


Roller Leveller 


The Head Wrightson Machine 

Company manufactures a very wide range 
of roller levellers for levelling from 
aluminium foil to heavy steel plates. 

The machines are of the 

2-high or backed-up type with §, 7, II, 
13, 17 or 21 levelling rolls and can be used 
for rough, process or precision flattening. 


The Company has a reciprocal arrangement 
with The Aetna-Standard Engineering 


Company of U.S.A. for the interchange 
of experience and technical knowledge. 
Further information is available on 
request and our Sales Engineering 


Department will be pleased to give 
advice. For immediate service 


telephone Middlesbrough 43401. 


THE HEAD WRIGHTSON MACHINE CO LTD 


COMMERCIAL STREET MIDDLESBROUGH 
and 


JOHANNESBURG TORONTO SYDNEY 


LONDON 
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AEGD. TRADE MAAK 


This photograph shows the results obtained from our 
aluminium alloy, Duralumin ‘C’. This new addition 
to our range of light alloys has been developed specially 
for its outstanding machining properties and is 


meeting with remarkable success. 


Our Technical Sales section will gladly give you further 
details. Please write or telephone. 


Headstock speed 610 r.p.m., Traverse .00§ in. per rev., 
Depth of cut .0§ in. using tool with no rake. Photo taken 
with high speed electronic flash at 1/5000 sec. and f.16- 


VC machines like this 


More advantages of DURALUMIN 


® No swarf build-up. It comes away in tiny chips. 

© Longer life for cutting tools—fewer stoppages 
for re-grinding. 

®Less supervision needed. One operator can 
watch more automatic lathes. 


© Available as extruded and heat-treated machin- 
ing bar, or as extruded forging bar. 


oy JAMES BOOTH & CO LTD, ARGYLE ST. WORKS, BIRMINGHAM 7 


impor ttmmmcnn Lxtrusions, large forgings, plate, sheet, strip, tubes and wire in brass and copper, as well as light alloys 


TGA 18G 116C 
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Photograph by courtesy of Messrs. Thos. Firth & John Brown Ltd., Sheffield 
B eens San Town’s Gas Fired Bogie 
agsnd Hearth Tempering Furnace 
of the products recirculation type Furnace installed 
at Messrs. Thos. Firth & John Brown Ltd., Sheffield 





The above illustration is one of the many ANNEALING 
installations supplied to leading manufacturers. 

’ HARDENING 
Brayshaw Industrial Furnaces supplied for all 


purposes including : TEMPERING 


Ask .. . BRAYSHAW, the specialists in CARBURISING 
design and construction of FORGING 


internationally famous Furnaces. 
GALVANISING 


BRAYSHAW FURNAGES LTD., MELTING 
BELLE VUE WORKS, MANCHESTER, 12 by Gas: Oil - Electricity 


Telephone: East 1046 (3 lines) Telegrams: Hardening Manchester. 
London Office: 21 Liverpool Street, E.C.2. Telephone: Avenue 1617/6. 
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"VINCENT ENGINEERING CO. LTD 


9 WOODSIDE PLACE, GLASGOW, C.3 @ Telephone: DOUGLAS 5102 
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REFINERS OF GOLD AND SILVER 
under the ownership of N. M. Rothschild & Sons 


fer 


over TOC Yours 


Manufacturers of 


ELECTRO-DEPOSITED COPPER FOIL IN COILS UP TO 54” WIDE 

ROLLED COPPER AND BRASS STRIP AND FOIL +» WIRES PLATED 

WITH PRECIOUS AND OTHER METALS ~- ‘SILVERLINK’ SILVER 
SOLDER + ‘DURAMET’ PRINTING SCREENS 


ROYAL MINT REFINERY 


19 ROYAL MINT STREET « LONDON : E.1 
Telephone: ROYal 7061-3 + Telegrams: ROTHSCHILD, LONDON 






































| 
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. and whatever you do don’t move. If 
you’re in the market for non-ferrous ingots to 


British Standard Specifications, or special analysis, 


may we suggest a call to Park and Paterson before 


you take action. We have the experience, 
the equipment, the know-how; few may 
claim to know the drill quite so well 

as we do . . . we are at your 


service. 


"Fath and Prileton Lidl 


MANUFACTURERS 


GLASGOW 
PARKHEAD, GLASGOW, E.1. Telephone: BRIDGETON 4451-2 


MANCHESTER 
MARPLE, STOCKPORT, CHESHIRE. 
Telephone: MARPLE 1422-3 
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Walter Somers 
vV.M.C. Pressure Casting Die Bliocks... 





These Dies (30” x 30” x 
7”, 30” x 30’x 5”) were 


supplied to Birmingham 





Aluminium Castings 
Ltd., Smethwick, in 
Walter Somers’ 5% 


Chrome 1% Vanadium 


V.M.C. Die Steel for the’mass production of this pressure cast door frame in Alumin- 
ium Alloy L.M.2 size 


203” x 18%", for the 
modern Superchef 
Cooker by Cannon 


From our Modern Die Block Plant 
(A.G.) Ltd. 


fully forged V.M.C. Chrome-Vanadium 
die steel is available 
in block, bar or insert form, 
in all sizes— large 
or smalli-—for aluminium or 
zinc alloy pressure 
diecast production. Other alloy 
or carbon steels 
can be supplied for bolsters etc. 


Our Technical Representative 
would be pleased to visit you. 











—-] Walter Somers Limited 


HALES OWEN':Nr. BIRMINGHAM Tel: Hales Owen 1185 
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e} Fo) (cr = 
JONES 


LIMITED 


$Y 


| 4 59 George Jones Limited offer their 
congratulations to the publishers of 
“METAL INDUSTRY” 


on the occasion of its 


GOLDEN JUBILEE 


19OO0 The first issue of ‘Metal Industry ”’ 


contained our advertisement—at that 
time we were over 100 years old, 
being established in 1803. 


i8O3 


Over one-and-a-half centuries 


of service to the 
METAL INDUSTRY 


ROLLING MILL ENGINEERS AND HEAVY IRON FOUNDERS 
LIONEL STREET FOUNDRY BIRMINGHAM 3. 


Telephone: CENtral 1003-4 


nL 
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SHELL-MEX AND B.P. GASES 


carry weight in industry 





\| AMM il iF 
NN Ki A AUN WI ‘i 
| l atmospheres 
pirleo Generators Png at EN rye Engineering 
fet Sony Limited. 


m | ill 


Propane and Butane are now 
available to industry from thé 
great British refineries of the 
Shell, Eagle and BP Groups. 
They are petroleum gases 
delivered and stored as liquids 
under moderate pressure. 
Propane supplied by Shell-Mex 
and B.P. Gases Limited provides 
industry not only with a high 
calorific value fuel gas 
(approximately 2,500 B.t.u./cubic 
foot) but also with 

an excellent medium for the 
production of special furnace 
atmospheres. 

It is widely used for gas 
carburizing, carbonitriding and 


bright annealing of ferrous 
and non-ferrous metals. 
‘Bottogas’ Butane is used as 
a fuel for fork lift trucks and 


My ia’ 
GOLG for many other specialised 
applications. 


SHELL-MEX AND B.P. GASES LIMITED 


CECIL CHAMBERS - 76-86 STRAND - LONDON WC2 Telephone TEMple Bar 1234 
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By courtesy of Vereinigte Deutsche 
Metallwerke A. G. 


The Extensive Progress 


made in the production and use of a wide range of metals 
is closely linked to the continued development of extrusion 
presses and their ancillary equipment. An example of this 
development is the extrusion press shown in the picture. 
This press works with Loewy ‘“‘Magnethermic”’ low frequency 
billet heaters and is used for the production of tubes and 
sections in special alloys. 


THE Te)a' A; ENGINEERING COMPANY LTD. 
BOURNEMOUTH ENGLAND 
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(f Dik CASTINGS 


82 


Jor all Trades 


D illustrated are examples of 
our everyday production. They 
require little finishing before use 
and therefore effect a considerable 


REDUCTION in production costs, 
and an INCREASE in output. 


We in the design of high 
pressure die castings in MAZAC 
zinc base alloy 
manufactured = Om 
under B.S.1. % 

Scheme and in 


alloys of alum- 5 
inium and brass. a 


2 E PRODUCTS ITD ge... tert 
BOWKER STREET - WILLENHALL~ STAFFS - 0201-2 & 25508 











AUXILIARY ROLLING MACHINERY LTD. 


TIPTON 2617/18/19 





DOUBLE REDUCTION CHANGE SPEED 


GEARBOX for 11” diameter Four High Mill. 
400 HP 130/190 feet per minute. 
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Birmetals 


Our hearty congratulations to 
“*Metal Industry” on the attain- 
ment of its Golden Jubilee are 
coupled with the wish that it may 
flourish as long as the metal using 
trades themselves. And as suppliers 
of wrought alloys of aluminium and 
magnesium to an ever growing 
number of such trades we hope that 
this will be for a very, very long 
time. 


BIRMETALS LIMITED 
WOODGATE WORKS 
BIRMINGHAM °- 32 
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ESTABLISHED 


SCRAP METAL 


J.B. GARNHAM & SONS LTD. 


PLANTATION HOUSE, MINCING LANE, LONDON, §£.C.3 
Phone: Mincing Lane, 8424-6 
Grams: Garnham, Phone, London 
Cables: Garnham, London 
LION} WORKS, FOX{OAK STREET, CRADLEY HEATH, STAFFS 
Phone: CRADLEY HEATH 69281 





ENTORES LIMITED 


























Ores, Metals 


and Residues 


























CITY WALL HOUSE, 14-24, FINSBURY ST., 
LONDON, E.C.z. 


PHONE: MONarch 6050 TELEX No. LONDON 28455 CABLES: ENTORES LONDON 











Metal Industry, 4 December 1959 





Bd 
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Have you a diecasting problem? 
We have made a close study of 
diecasting from all aspects over the 
course of many years—so make your 
problem our problem, and come 


G / 11S straight to the “seat of learning ’’ 

of BIRMINGHAM — 
eae, \ PRESSURE DIECAST / pian f | 
é in ZINC BASE AND > = P 








ALUMINIUM ALLOYS 


GILLS PRESSURE CASTINGS LTD., 215 TYBURN ROAD, ERDINGTON, BIRMINGHAM 24 Telephone: EAST 1008 








NOW WILL YOU THROW AWAY YOUR PLUNGERS! 


and write at once for samples 
and details of the new 


SELF PLUNGING 
DEGASSING AND 
GRAIN REFINING 
TABLETS NO. SS6 


No plungers required. 

Suitable for use on all 

alloys except those with 

high silicon content. 
Cheaper than conventional methods of grain re- 
finement. 100% efficient. 


Park Rd, Hockley, Birmingham, 18 
g Telegrams: “‘ALBRIT’’ Birmingham Telephone: — pre 














Metal Industry, 4 December 1959 





Deep Drawn 
Metal 


Pressings 


TO YOUR OWN 
REQUIREMENTS 


Available in Brass and all Copper Alloys, Aluminium 


| A L L M E = A [ S and Aluminium Alloys, Nickel Silver or Stainless a 3 
and Bright Mild Steel, pressings can be in self-colour. ; 
dipped, or acid etched Nickel, Chrome or Cadmium } ; 

¥ 








plated, clear or colour Lacquered, plain or colour 
Anodised and can be manufactured for every type 


N A L L F N S H E S @ Industry, a ban pet igeey ete. 
W-BG 
A eS WRIGHT, BINDLEY & GELL LTD. 


PERCY ROAD - GREET - BIRMINGHAM 11 
Telephone: SPRingfield 4491 (P.B.X.) 





ees ssesseusscsessassssccssescccsccesescscscseseussesceuscssesesscs 





NON-FERROUS 


e-SCRAP:- 


COILS - SHEETS - INGOTS : RODS - TUBES 


BROOKSIJE METAL 


co. LTD. 


OWNED BY METAL TRADERS LTD. 
WATFORD FOUNDRY, BY-PASS ROAD, WATFORD, HERTS. 
Phone: Watford 26474 (10 lines) Telex: LONDON 28457 


Branch Works: THAMES SIDE, READING, BERKS. Tel. Reading 54474/5 
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For Hot & yg Straightening 


BARS AND TUBES 


2 Motor drive obviates 
scuffing -ensures accuracy 


The BRONX Hot Reeling Machine illus- 
trated has capacity for 80 tons tensile 
alloy bars, up to 34” dia. and as lower 

hy picture shows, is usually installed 
at floor level. There are other 

Bronx Reeling Machines with 

capacities ranging from 3/16” to 8” 


dia. bars. There are also BRONX 
Press Brakes, Guillotines, Plate 
Bending Rolls, etc. 


FLOOR LEVEL 
ILLUSTRATED LITERATURE 
ON REQUEST REELING 
MACHINE 


Tel one: 


BRONX ENGINEERING CO. LTD., LYE, WORCS. = cve‘1387°s G00 


INGOT CASTING ECONOMICALLY themodeuwey 








Where only limited space is available and small 
quantities of ingots is the order of the day.... 
then this SHEPPARD 40-Mould Mobile Machine is 
ideal for your requirements. 


It is specially designed for lighter 
duty and mobile for serving one 
or more small capacity electric 
arc, oil or gas-fired furnaces and 
capable of producing up to 120/160 
ingots per hour. Floor space 
occupied is only nine by four feet. 


Full details on application. 


EERE NORE NRA TNE SRENET re 
SHEPPARD & SONS LTD. - BRIDGEND -: GLAM. 
A SUBSIDIARY OF HAYES INDUSTRIES a LTD. 


SHEPPARD} © e220. San HEP, DEN, 
LONDON OFFICE: 153 GEORGE STREET, W.1. — Tel.: PADDINGTON 4239. 


REPRESENTATIVES IN SOUTH WALES & MONMOUTHSHIRE for :- 
G.W.B. FURNACES LTD. — Electric Melting and Resistance Furnaces and Electric Control Gear 


BRONX ENGINEERING LTD. — Plate Bending Rolls and Press Brakes 
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3 . 
you don’t need a piggy-bank to save! 
you need a FRANKLIN-DINE OIL BURNER to achieve immediate economy in 
oil fuel. Whatever the consumption, from jth to 150 gallon per hour 
there is a FRANKLIN-DINE OIL BURNER to give 
increased oil economy at lower maintenance cost. 






Write to-day for full particulars. 





for all furnaces 


Manufacturers of 
INDUSTRIAL FURNACES AND O!L BURNING EQUIPMENT 
FOR ALL PURPOSES 


FRANKLIN FURNACE CO. LTD. 
BAKER STREET, SPARKHILL, BIRMINGHAM, 11. 
Phone: ViCtoria 2579 








R. J. COLEY A SON (Hounslow) LTD 


MILL FARM WORKS, HANWORTH RD., HOUNSLOW Tel. Hounslow 6136, 2266/7 


















































R. J. COLEY & SON R. J. COLEY & SON R. J. COLEY & SON 
(NORTHERN) LTD (BRISTOL) LTD (SWINDON) LTD 
King Street, Dukinfield Deep Pit Road, 112 Oxford Road 
Tel.: Ashton-U-Lyne 3664 St. George, Bristol, 5 Stratton St. Margaret, Swindon 
Stoneygate, Preston Tel: Preston 57621/2 Tel.: Bristol 56307 Tel.: Stratton St. Margaret 2164 
2 H. A. FOSTER 
(CHERTSEY) LTD 
a | COLEY UTILITIES LTD Mead Lane, Chertsey 
~~ North Drive, Hounslow Tel.: Chertsey 2196 
Tel.: Hounslow 9720 

















ai “Members of the National Association of Non-Ferrous Scrap 
Metal Merchants.”’ 


METAL MERCHANTS 
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Z 


No, we shall not be silly and claim that our castings are as flawless as a piece of 
16th century Venetian Glass. But we can go this far: we can say that just as the 
old master craftsmen got great satisfaction out of doing a job as well as it could 
possibly be dons, so do we. That is why so many customers whose castings 

must have a fine skin which will readily anodise put their trust in Great Bridge Foundries 
PRECISION CASTINGS IN ALUMINIUM, GUN METAL, GREY IRON, ETC. TO ALL SPECIFICATIONS 


Phos. bronze and gun metal solid and cored sticks always in stock 


THE GREAT BRIDGE 
FOUNDRY CO. LTD. 


Sheepwash Lane Great Bridge - Tipton 
Seaffordshire Telephone: TiPton 2914/5/6 





A Member of the Triplex Foundries Group 





OVER 100 YEARS EXPERIENCE 


= NICKEL SILVER 


SHEET STRIP WIRE SECTIONS 


CUPRO-NICKEL 


STRIP WIRE 





SPECIALISATION ENSURES CLOSE CONTROL OF QUALITY 
We Specialise 





Enquiries to:- 


Jones & Rooke (1948) Ltd. 


86-92, NORTHWOOD STREET, BIRMINGHAM 3 
Telephone: CEN 4886/7/8 3 lines 
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RESISTING CASTINGS 
ee ae 2) S- 


Pee URONITE FOUNDRY CO., LTD. 


LAWRENCE ROAD, TOTTENHAM, LONDON, N.I5. 





- 
- 
ee 


ALLOYS 
and 


PURE METALS 


CHROMIUM-METAL *- MANGANESE-METAL 
_MANGANESE-COPPER - ALUMINIUM-HARDENERS 


ALLOYSswLTD 


TREFOREST TRADING ESTATE 


PONTYPRIDD _ 
GLAMORGAN TREFORE sT 


Telephone TREFOREST 2203-2204 
Telegrams ALOMET, CARDIFF 
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SUNDWIC 


aes 


- : 
saris . ‘ i 
SUNDWIGER EISENH 


MASCHE NFABRIK AH & CO. 


sess nata 


t« 
| 
4 


| ae UNDWIG i.WESTF. 


TWO/FOUR-HIGH UNIVERSAL LABORATORY 
ROLLING MILL with work roils of 40 to 120 mm 
diameter by 250 and 500 mm. face width. 








ALL NON-FERROUS METALS 


All grades of : 

NICKEL, NICKEL ALLOYS 
COPPER WIREBARS 
COBALT ETC. 


BRASS INGOTS, SCRAP al. 
& RESIDUES of all grades aig: 
and composition 


SPECIALISTS IN THE SUPPLY OF VIRGIN NICKEL, PURE NICKEL SCRAP, NICKEL ALLOY SCRAP AND 
LOW CARBON FERRO-CHROME. ASK FOR A QUOTATION—Best prices—Iimmediate cash settlement 


METAL SCRAP & BY-PRODUCTS LTD 
9, CAMOMILE STREET, LONDON, E.C.3 
Telephone: MANsion House 2101 Cables: Metbyprod, London 
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FOUNDER MEMBERS 
OF THE NATIONAL 
ASSOCIATION OF NON- 
FERROUS SCRAP METAL 
MERCHANTS 


We... you the benefit 


of our FIFTY YEARS 
experience in NON- 


FERROUS METALS, ORES, 
SCRAP AND RESIDUES 


IRON & STEEL SCRAP 


International Import and Export 
e 


CHILE HOUSE 
20 ROPEMAKER STREET 
LONDON €E.C.2 


Telephone: Monarch 8292 (7 lines) Cables: “CUFENIAG, Phone LONDON” 


and at 


LONDON METAL EXCHANGE 

















Metal Industry, 4 December 1959 





AUSTINS... 


they’re the people for 
non-ferrous metals 







Austins have been ‘ metal people’ for nearly 
90 years and still lead the field both at home 
and abroad. They have built up a reputation 
of being the people for non-ferrous metals so 
why not approach them today if you require: 


Aluminium alloys, Copper alloys, Gunmetal, 
Aluminium Bronze, Manganese _ Bronze, 
Phosphor Bronze, Lead Bronze, Brass, Lead, 
Tin, Zinc, Solders, Typemetals. 





E. AUSTIN 


& SONS 
AUSTINS (LONDON) LTD 


NON-FERROUS Hockney Wick, E.9 


METALS | lts'in 


Telex No: 22550 Optative London 
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GIBBINS 


AND 


BODENHAM BRAZED, SOLID 


DRAWN TUBES 


AND 





Manufacturers of— 


LIMITED 


Contractors to the Admiralty, ROLLED METALS 


Air Ministry and War Office FROM COPPER AND ITS ALLOYS 


ROTTON PARK STREET - BIRMINGHAM 16 


Phone: EDGBASTON 2193-4-5 s Grams: COPRALOY BIRMINGHAM 

















PRODUCING THE HIGHEST QUALITY 

LEAD and TIN FOILS « LEAD/TIN ALLOYS 

RIBBON SOLDER and SOLDER TAPE 

ROLLED WHITE METALS ¢« ALUMINIUM 
SHEETS and CIRCLES 


GEO. JOHNSON & CO. (BIRMINGHAM) LTD 


HIGHLANDS ROAD, SHIRLEY 
SOLIHULL, WARWICKSHIRE 


Phone: SOL. 2651/4540 Grams: *‘ROULEAU”’ B’HAM 











ESTABLISHED 1890 


Wm. FRY 


MITRE BRIDGE WHARF 
SCRUBS LANE, WILLESDEN, N.W.10 


@ 
« also 6 


HARROW ROAD, 
WILLESDEN, N.W.10 


IRON, STEEL and 
METAL MERCHANT 


SCRAP CABLE and 
PLANT DISMANTLED 


& 
Phone: Ladbroke 0490 & 1236 
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PHOSPHOR 
COPPER 


mee «MANUFACTURERS OF 


HON-FERROUS | 


fo all 


REQUIRED SPECIFICATIONS 


Prompt Deliveries 


RHONDDA METAL C°.L™ 
PORTH _ GLAM. 


|, HAY HILL, ‘LONDON, W.I 





ALUMINIUM 


INGOTS and SLABS 
EXTRUSION BILLETS 
and WIRE BARS 


ANGLO-SWISS ALUMINIUM CO. LTD. 
Queen’s Buildings Tel. No. 23996 
55 Queen Street Telegrams: 
Sheffield, 1 Aluminium Sheffield 


United Kingdom Agents 
of Aluminium - Industrie, 
A. G., Ziirich, Switzerland 








Y.E.S—E.6.C 
CAST BRONZE BARS 


10 to 12 FEET LONG FOR MACHINING 
ON BAR AND AUTOMATIC MACHINES 





rkshire 


AGINeeriNg son: rowones 
upplies Ltd. {8-2 


Telephone: 638234/638291 Telegrams: Yes, Leeds 12 
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VACUUM METALLURGY »» TELCON METALS 


SUPER PURE BASIC METALS & ALLOYS FOR THE INSTRUMENT, ELECTRONIC & AIRCRAFT INDUSTRIES, 
NICKEL, COPPER, IRON, MANGANESE COPPER, BERYLLIUM COPPER & MAGNETIC ALLOYS 


SOFT MAGNETIC ALLOYS 
High permeability Nickel 
Iron Alloys for cores 

and laminations. 


/ 


MUMETAL 
SUPERMU METAL 
RADIOMETAL 
SPECIAL 
RADIOMETAL 


RHOMETAL 
High permeability Cobalt- 
Vanadium Iron Alloy with 
high saturation for 
lightweight generators, 
ultra-sonic generators 
and vibration test gear. 


SUPERMENDUR 
PERMENDUR 











Rectangular hysteresis 
Loop Nickel-Iron Alloy 
for magnetic amplifiers 
and reactors. 
High-speed switching 
alloy for computors 
and magnetic amplifiers. 


ICALLOY ite 
Permanent magnet 22:3: 
alloy of ductile i: 
and machinable 
quality. 


Most alloys available in strip, rod, bar and wire. 


. . CU BE 275 CU BE 250 
BERYLLIUM COPPER to Specification DTD 900 cype roo cuneso 
2%, Beryllium Alloy, for Springs, Fuse Clips, ‘8 vensiie surength gir: 
1 e : , and fatigue resistance. 
Contacts, Meter Pointers and Vaive Clips. 
(Beryllium Copper Alloys of other compositions are available for special requirements). 


HCR ALLOY 


H.S. ALLOY Bee ; — 
i 56lb. High Vacuum High Temperature Coreless Induction 
Melting Furnace for experimental work. 


DUCTILE HARD 


MAGNETIC ALLOY TELCON THERMOSTATIC BIMETALS 


in various grades for instrument protection, and 
compensation—overload protection of motors, 
synchros and similar electrical devices. 


THE TELEGRAPH CONSTRUCTION 
& MAINTENANCE CO. LTD. 


Metals Division : Telcon Works, Crawley, Sussex 
Tel: Crawley 1560 


Cobalt-Iron- 
Vanadium Alloy. 











aluminium 





etactties 


Casting Alloys 
Master Alloys 


Wrought Alloys 
Magnesium Alloys 
Granulated Aluminium Powder 


Our up-to-date Chemical Laboratory 
and Spectrographic Department en- 
sures that our customers receive 
aluminium alloy ingots of the highest 
standards of quality. Supplied fully 
released to Air Ministry, Admiralty 
and War Office specifications where 
required. Write for our reference 
book of Aluminium Alloy Ingots 
below. 








LDLOyS “Lemi itp 


LONDON OFFICE: 16 BERKELEY STREET, W.1. Phone: Mayfair 2779. Telex 23889. | MANCHESTER OFFICE: YORK HOUSE, 12 YORK STREET. Phone: Central 0272. B’ham Telex 33146 








EVRE 


Aluminium Alloy 


Made at 
WILLOW LANE 
WORKS 


MITCHAM SURREY 
Telephone MITCHAM 2248 


Phosphor Bronze 
Ingots 


Made at 
TANDEM WORKS 
MERTON ABBEY 
LONDON S.W.I9 


Telephone MITCHAM 2031 


i ! ee SMELTING CO. LTD. 


TANDEM WHITE METALS - TANDEM BEARINGS 
ARIEL & ESCO CHILLCAST PHOSPHOR BRONZE RODS 
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METAL 
POWDERS 


POWDER 
METALLURGY 


OF ALL CLASSES OF 
NON-FERROUS SCRAP 
METALS RESIDUALS 
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Shape of things to come...? 


To ‘Metal Industry’ (a comparative youngster!) Chalmers offer their sincere 
congratulations on the attainment of its Golden Jubilee. Having been in the 
business for almost twenty years longer, we can look back on an extended period 
of metal industries development. And the future? However much the structure of 
the industry alters, manufacturers can count on one constant—the consistent 
quality of Chalmers controlled-production, laboratory-tested ingots. 


E. CHALMERS & CGO. LTD. 


Newhaven Road, Leith, Edinburgh, Scotland. 
Tel: 36611 (9 lines) 
Telex: 72-232 Grams: ‘GILES’ Edinburgh Telex. 


Chalmers make sound i ingots | 











———. 


p ed Diecastings 


ARTIFICIAL GRAPHITE 


UP TO 99%C+ 


‘*Susgra”’ Colloidal Graphite 
Graphite Powder 
Graphite Plates, Tubes, Rods 

‘‘Brimulta’”’ Recarboriser 
ILLUSTRATED BROCHURE 


Works in Sheffield AVAILABLE ON REQUEST 


EA- Tae eee LTD THE BRIDGE FOUNDRY (° L” 


ALUMINIUM FOUNDERS 
Telegraphic Address: Extransim WEDNESBURY, STAFFORDSHIRE 


WE MAY BE ABLE TO USE YOUR SCRAP 


IF OFFERED WITH FULL DETAILS Manchester Office: LLOYDS WOUSE, 18 LLOYD STREET, MANCHESTER 2 


Phone: BLACKFRIARS 7908 & 4149 




















(0A A Pt ROEM RADE REET I IA IAT es Lg os 
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Ea 


FIRST AID 
ROOM 














BUYERS OF 


ALUMINIUM, GUNMETAL, 
COPPER, BRASS, PHOSPHOR MEDICAL INSTRUMENTS AND 
BRONZE, ZINC, TUBES, EQUIPMENT 
RESIDUES. 


Graded Material Suitable Founders F. DAVIDSON & CO. 


always in stock. 
30, NORTH END ROAD, LONDON, N.W. 11 


SPEEDWELL 8418 ESTABLISHED 1890 


33-5 ADAMS “gt : BIRMINGHAM Please send for Catalogue No. MI.9 
’ . . 
Phone, Grams: ASTON CROSS | 4707/8 | 


¢ Non: Fers scrap Metal Merchants Please mention this Journal when ordering 

















constructional 


steelwork 


shop practice 


By John Farrell This is a comprehensive, authoritative text-book of interest to all engaged in the con- 
structional steelwork industry, but particularly valuable to apprentices and students. 
John Farrell, who was commissioned to write the text, has had a lengthy and varied 
experience on the practical side in every branch of the industry and was admirably 
qualified for the task. The book first describes the materials used in constructional 
steelwork and then goes on to discuss at length the reading of drawings of this type 
of work. The template shop, its equipment and its operations are considered, and the 
technique of setting-out is fully described. 


Published for the British Constructional Steelwork Association 
Contents include fabricating procedure, marking off, assembling, straightening, 
bending, cambering, punching, shearing, oxygen flame cutting, planing, scarfing, 
ending, grinding, drilling, riveting, metallic arc welding. 

from leading booksellers 15s net by post 16s 1d size 8?” 5}" with 200 pp and 220 illustrations 
Published by Iliffe & Sons Ltd., Dorset House, Stamford Street, London, S.E.1 
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Like “ Metal Industry ” we have 
progressed a long way since 
this advertisement appeared in 
the first issue of the 
publication in 1909. 

The machine illustrated is one 
of the models from 

our new range of inclinable 
presses and shows how 


the successful integration of 


appearance and technical 


factors has been achieved as a 
result of our close co-operation 
with metal parts producers 


over the past five decades. 


E. W. BLISS (ENGLAND) LIMITED + city ROAD «+ DERBY 
London Office: 2-3 The Sanctuary, London, S.W.1 





the World’s 
foremost spraying specialists of 


NON-FERROUS METALS 


congratulate 


METAL INDUSTRY 


on Fifty Years of Progress 


From the time that Metallisation introduced the process of 
Metal Spraying into Great Britain in 1922 they have continually 
lead the field in research and development of the application 
of non-ferrous metals for anti-corrosive purposes. 


Head Office : METALLISATION LTD., BARCLAYS BANK CHAMBERS, DUDLEY, WORCS. Telephone : Dudley 53321/2 
London : 171 Palace Chambers, Bridge Street, S.W.1 Telephone : Whitchall 2868 Scotland : Metallisation (Scotland) Litd., Ballochmill Road, Rutherglen. Telephone : Rutherglen 1956 


N.E. Coast : Portrack Lane Industrial Estate, Stockton-on-Tees 
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INGOTS 

















PPLIERS 
ON AIR MINISTRY & ADMIRALTY LISTS OF APPROVED su 


BROAD LANES} 
BILSTON - STAFFS 


TEL: 41964-5-6 
Telegrams: INGOTS BILSTON} 

















THE 


CITY CASTING 


& METAL CO. 
LTD. 


Are proud to be numbered 
amongst those firms 
that advertised in the 


first issue of 


HOT BRASS PRESSINGS 


for GAS, WATER and 

ELECTRICAL FITTINGS 

and GENERAL ENGINEERING 
TRADES 


-**METAL INDUSTRY’’ 


BARFORD ST- BIRMINGHAM 5 


Telephon :- MIDLAND 0645 
Telegraphic address :- TURNINGS BIRMINGHAM 


ASSOC HATE DP RE Wiad p S pet PED 


C ROFT ROAD, Bi 

















SLAG OLY 
CHROME BARREL 


@ Cuts costs in plating small articles. 
@ Giving satisfaction wherever 
installed. 
@ Repeat orders 
received. 


Send for leaflet No. 1020A. 


BE @ iL GM Bea 





ESSEX 
METALLURGICAL 


METALLURGICAL (ESSEX) LTD. 


London Exchange List 





Laboratories & Offices 


13, Woodhouse Grove, London, E.12 


yo Phone: GRAngewood 4364 Cables: 
ASSAYCURY 
oh SLE on & AT BIRMINGHAM roe 
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ASTON CHAIN AND HOOK CO. LTD. SHAPED FOR 


PARTICULAR 
NEEDS 
gladly acknowledge Ths contigs af igen 





within an orchestra are not 
unfamiliar but the shapes 
Z demanded by modern 
; ; Zz industry are often 
the contribution of L extraordinary. For all 
Z shapes and specifications, 
Z Aston nevertheless guarantee 
. A Z Z : the highest accuracy and 
METAL INDUS TRY 4 quality in all their 
LZ presswork in brass, bronze, 
2 copper, aluminium, or 
tin plate. 


ASTOR] + me 


(* Registered Trade Mark) 


of non-ferrous | Makers also of Aston Victor,* 


to the progress 


Aston Chandelier, 
and Aston Jack Chains 


ASTON CHAIN & HOOK CO. LTD., BROMFORD LANE, BIRMINGHAM 24 


m etal tech nology Tel.: ERDINGTON 2235/6{7. Grams: ‘* Chainwork’’ Erdington 6 











Non-Ferrous Metals 


TO CLOSE TOLERANCES 





(BIRMINGHAM) LTD. 





Copper, Brass 


Gilding Metal LA METAL MERCHANTS & 


Cartridge Metal MANUFACTURERS 


Phosphor Bronze 


Buyers & Sellers of all Grade 
NON-FERROUS METALS AND RESIDUES 
a 
Zinc, etc, 


In long continuous coils 
or strips cut to length. 








TH 
HT 


HALL STREET METAL ROLLING 10-12 BARD ST., SHAKESPEARE ST., SPARKHILL, 


COMPANY LIMITED BIRMINGHAM 11. Telephone: VICTORIA 2264-5-6 


WESTERN ROAD, BIRMINGHAM, 18. 


A MEMBER OF THE CHARLES CLIFFORD GROUP 
































Copper, Brass 
and Aluminium 
in 
Sheets, Tubes, 
Rods and Wire 


DELIVERIES FROM STOCK 








TT. W. YOUNG LTD. 


105 GOSWELL ROAD, E.C.1 





| Phone: Clerkenwell 2241/2 Grams: Wuzog, Barb. 
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We are buyers of 


cadmium 
scrap 


PrePss Sri PUPP ePuMur sr ISUIVIUFES Pumas III 


JOHNSON & SONS’ 
SMELTING WORKS LTD. 


(Late John Johnson 1743) 
ERP EP ePersrsrsrSRILF EF EP erarWRIRINIRF EF Purr rs* 


CREEK WORKS, BRIMSDOWN, 
ENFIELD MIDDX. 


Telephone: HOWard 1677 
Telegrams: Cauterism, Enfield 

and at 

104 Spencer Street, Birmingham 18 
Telephone: NORthern 1275 


Fuh ururervre® 





Melters to the Bank of 
England 


Refiners and Dealers in 
the Precious Metals 


Smelters and Metallurgists 











FACTORY CLEARANCES 
SCRAP IRON STEEL & 
NON-FERROUS METAL MERCHANTS 


f DISD) 


cSt 1834 MoM. l44 ula ea 


ANCHOR IRON WHARF 
EAST GREENWICH S E10 


ONE OF THE FIRST SCRAP METAL 
MERCHANTS IN THE COUNTRY 





B. LEVY & Co. (Patterns) Ltd. 


ce at your service the most Modern Plant in 
th England for manufacturing all types of 


WOOD & METAL 
PATTERNS 


SHELL MOULDING PATTERN 
EQUIPMENT A_ SPECIALITY 


GCOD Telephone: 
DELIVERY Victoria 1073 & 7486 


1-5 Osbert St., London, 


KEEN 
QUOTATIONS 


S.W.|. 








West India Dock Road, London, E.14 


SPECIALISTS IN 


Telephone: 





| os. 4 8@ 84. 4-8-8 6-6 eo eg 


BLUNDELL & CROMPTON LIMITED 


HIGH-CLASS COPPERWORK 


Manufacturers and Repairers of Plant for the Chemical, Distilling and Brewing Industries 


FOUNDERS, COPPERSMITHS AND GENERAL ENGINEERS 


East 3838 (3 lines) 1408 and 4160 


Telegrams: Blundell, Phone London 
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tPRE 
f y 


ALUMINIUM 
and ALLOY 


Sheets and Extrusions 


STEEL 
Plates, Sections, etc. 
Bright drawn Strips, 
Bars, Hoops, etc. 


BRASS 
COPPER 
Rods, Sheets, Tubes, etc. 


llustrated Charts, Stock List 
and Price List available. 


STEDALL & COMPANY LTD. 
Incorporating FARMER, STEDALL & co. 
METALS DIVISION 
ST. JOHNS WHARF, CARNWATH ROAD, 
LONDON, S.W.6. 





i Pe 


M. C. ENGERS 


LIMITED 


LONDON 


FOR ALL GRADES OF 
-NON-FERROUS 
SCRAP 


METALS 
AND RESIDUES 


40 JASMINE GROVE 
PENGE 
LONDON - SE20 


EXPORTS 


DAVIES & CANN 


1iIMIT T) 
Lif ) 


iT 
a oe 


PLYMOUTH 


THE WEST COUNTRY’S 
LEADING MERCHANTSIN 
IRON, STEEL AND 
NON-FERROUS 
SCRAP METALS 


FREEMAN’S WHARF 
CREMYLL ST., 
PLYMOUTH 








GEARED 
—J LADLE 
HOIST 


@ 
INCREASES PRODUCTION 
Faster and safer metal handling 


Faas 
SAVES LABOUR 

by one-man operation through- 
out 


& 

MAXIMUM EFFICIENCY 
from specially designed 
Crucible Carrier or Ladles 








View showing moulds 
being poured on Con- 
veyor from ‘Roper’ Hoist, 
with Lifting Bail and 
Crucible Carrier. Bail 
fitted with side and top 
protection plates. 


Photograph published by courtesy of 














Messrs. Harvey & Longstoffe Ltd., 
Manchester 4 





Price and full particulars on request. 


E. A. ROPER & CO. LTD. 


FOUNDRY ENGINEERS, KEIGHLEY,’ YORKSHIRE. 
Tel: Keighley 4215/6 Grams: Climax, Keighley 





For nearly a century 
we have had pleasure 
in giving personal 
attention to metal 
users everywhere... 


WILLIAM MORRIS 


AND SON (BIRMINGHAM) LTD 


FREETH STREET ROLLING MILLS, BIRMINGHAM, 16 


Telephone EDGBASTON 3594/5 








104 


ALMA ALUMINIUM 


BRASS ADD as 
PATTERN MAKING 
FOUNDRY 


Alma Road Works, South Harrow, Middx. 


PHONE: BYRON 2296 


NON-FERROUS 
FOUNDERS 


NON-FERROUS CASTINGS 
of Every Size and Description Etc. 





Metal Industry, 4 December 1959 














28 YEARS 
of 
EXPERIENCE 


as 


ANTI-CORROSION SPECIALISTS 


CONSULT 


TEcHNIcAL 
Piatincs Lrp., 
TEDDINGTON, 
Mippx. 


A.1.D. & A.R.B. APPROVED 


























POLISHING 
COMPOSITIONS 


AVAILABLE IN BARS IN THE 
FOLLOWING SIZES 
4”x1"xt’ 
4’x1"x2’ 
8" <2” 2’ 
8" x 2’x 4’ 
12” 2" 2’ 
12”x2’x 4’ 
14” 2" 2’ 
14°x2’x 4’ 


GRAUER & WEIL LTD. 


EST. 1892 
Hardwick Street, 


Clerkenwell, 
London, E.C.1. 


Phone: TERMINUS 2434 (2 lines) Grams: “GRAVERS SMITH, LONDON” 


MOPS, FELTS, 
CHEMICALS, ANODES, 
POLISHING LATHES, 
RECTIFIERS, ETC. 





NRP 


DEUTSCH 


AND 


BRENNER 


ALLIANCE WORKS - HARFORD STREET 
BIRMINGHAM - 19 


Telephone: NORthern 3838 (11 lines) 
Telegrams: AMICABLE - TELEX BIRMINGHAM 

















STE ae 


Sincerely Congratulate 
METAL INDUSTRY 


on its 50th Anniversary 
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HEMTITE 


Heat Resisting Iron Crucibles 





Cast from selected materials to produce crucibles of 

consistent analysis to withstand the chemical action of the 

alloys and metals being melted, at the same time assuring 

of maximum life from every crucible per Ib. of metal melted 

and maintained. 

Crucibles cast with spouts for use in Tilting Furnaces, two 

and three spouts recommended to enable the crucibles to 

be rotated in different firing positions to prevent flame 

impingement at one position. This greatly extends the life, 

and helps efficiency in melting with saving in fuel costs. BASIN TYPE WITH 
When ordering, please state clearly outside diameter of OR WITHOUT 
crucible, depth, and size of flange required. FLANGES 


For temperatures above 750°C. Chrome, Iron, Steel crucibles 
v are recommended, and can be supplied to withstand 


BASIN TYPE WITH temperatures up to 950°C., and violent chemical actions, etc. 


POURING SPOUT 
All capacities of crucibles supplied to suit customers’ requirements, in addition to standard crucibles from our own patterns. 


Write for particulars of our new reverberatory, rapid melting furnace of the non-crucible type for all metals, especially aluminium. TILTING TYPE. 


LEES HALL & SONS LTD. 


1 MORLAND AVENUE - STONEYGATE - LEICESTER 
Telephone: 76302 


Works: Newhaven, Sussex. Telephone: 414 





























Get the Best 


Congratulations, 


‘Metal Industry” oe 
on 50 years of Aluminium 


a 
progress—still Casting Alloys 
reporting progress 
in Diecasting With the help of 


from our free technical 


OHN IRELAND , | 
rarely LTD sick eee 


Pressure Diecasters in Zinc 
Base and Aluminium Alloys | (RMI assoctaTION OF LIGHT ALLOY 


aa 
BILSTON ST. WOLVERHAMPTON REFINERS AND SMELTERS 


Telephone: 22134 3 ALBEMARLE STREET, LONDON, W.1. 
Telephone: MAYFAIR 2901 
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The New MKB Works, Laboratories and 
Offices at Aldridge where the most modern 
technical, scientific and commercial equip- 
ment has been installed. 


SERVICE — BETTER THAN EVER! 


Unfailing precision, uniform standards and sure swift delivery on time, 
these are the reasons more and more manufacturers rely on MKB 


every time - 
Metal Technique to achieve higher production at lower cost. 
Now, with the new MKB factory at Aldridge in full operation, we are 


privileged to offer an even better service to all fabricators of non-ferrous metals. 


CKECHNIE 
M a 
Other 


9841/7. Metal Works: Rotton Park Street, Birmingham 16 and Aldridge, Staffs. 
Factories at Widnes, London, South Africa, New Zealand. Branch Offices at London, 
Manchester, Leeds, Gloucester, Newcastle-upon-Tyne, Glasgow (Agents: J. Hood & Co.), Paris 


BoLrTow? 
H. C. COPPER BUSBARS 


Up to 10” wide x |” thick or 3” square drawn finish; up to 12” x }” x 16’ hard 
rolled: Extra heavy machined bars to customers’ requirements. 
Tubular and laminated busbars. 


Pre-assembly work on copper busbars 


Facilities are available in our Works for bending, sawing, 
drilling, slotting, and tinning to customers’ requirements. 


THOMAS 
BOLTON 
& SONS LTD 


Head Office: 
Mersey Copper Works, 
Widnes, Lancashire 
Telephone: Widnes 2022 





London Office and Export Sales 
Department: 


168 Regent Street, W.1 
Telephone: Regent 6427 
(Above) Cables: Wiredrawn, London 
Cathode bar, H. C. copper, 14’ 
24” long x 8” x §”, machined taper (Right) 
from 8” to 3” for distances of 7’ Anode bar, H. C. copper, 
6” and 5’ |” from each end respec- 14’ 54” long x 8” x §” 
tively, drilled with eleven 43” diameter drilled with holes 34” 
holes and |2 elongated holes. diameter. Established 1783 
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BRASS & COPPER TUBES 


WERE ADVERTISED BY US IN THE 
FIRST EDITION OF METAL INDUSTRY 
AUGUST 1909 








sl 


fi 


During the following 50 years we 


have proudly retained our pro- 
gressive and independent position | The Birmingham 
in our industry with constant 


emphasis on ‘BATTERY’? | Battery 


PERSONAL ATTENTION and | 
QUALITY for our products. | Q M tal ( Ltd 
| e (), . 

SELLY OAK - BIRMINGHAM 29 


IN COPPER AND ITS ALLOYS || = 100 vans senvice ro mousry! 


it 

















Our subsidiary: "GUESTS BRASS STAMPING CO.— | | TRADE i “«(BATALBRA’, “BATNICKON’, “BATNAYAL’, 
supplies Hot Brass Stampings up to Largest Sizes. |[) NAMES ‘BATURNAL’, BAT-FAIRFIN’. 























Un goccio di quello buono 


(A DROP OF GOOD STUFF) 











in Italy too, ‘a drop of good stuff’ means SKLENAR melted! 


Chiant: or copper, Italians know ‘a drop of good stuff’ when they see it ! 

When it comes to melting, they and foundrymen the world over, rely on 

SKLENAR furnaces, recognised as the best by far wherever metal is processed. 

They give:— Higher output for less fuel—minimum metal loss—no costly crucibles 
needed—complete control of furnace atmosphere—easy access 9 

for skimming, alloying and refining—low heat-radiation 

ensures comfortable working conditions—adaptable 

for a wide range of ferrous and non-ferrous metals 

without fear of contamination—quantities from a 

few pounds to several tons—oil, gas or coke-fired. 





Send for full details of SKLENAR and REVERBALE 
furnaces.* Prove their efficiency too, with 
14 DAYS FREE TRIAL IN YOUR FOUNDRY 


*also the NEW SKLENAR TAPPING VALVE for 
continuous or intermittent ‘tapping off’ of non-ferrous metals up to 850°C. 


SKLENAR FURNACES LTD 


385 NEWPORT ROAD - CARDIFF - TEL: CARDIFF 45645 (PRIVATE EXCHANGE) * GRAMS: SKLENAR CARDIFF 45645 I 





"eee 


EPMA NS TIL Peet RY Pt 








TUBES 


SEAMLESS & BRAZED 


IN 
BRASS, COPPER, WHITE METAL, &c. 
LOCOMOTIVE, MARINE & CONDENSER TUBES 
STEAM, HOT WATER, REFRIGERATOR AND 
GENERAL ENGINEERING TUBES. 














OVER 1,500 DESIGNS OF SECTIONAL TUBES 
MOULDINGS AND BEADINGS 


WILLIAMS BROTHERS 
& PIGGOTT, Ltd. 


SMALL HEATH, BIRMINGHAM 
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BUYERS OF NON-FERROUS 
SCRAP RESIDUES ORES 


SELLERS OF GRADED 
SCRAP & REMELTED 
SPELTER 


Head Office: 


COLONIAL HOUSE, MINCING LANE, LONDON, E.C.3. 
Telephone: MANsion House 0853/4/5 





Telegrams: “Tubes, Birmingham.” Tel.: Victoria 0155 & 2111 Telegraphic Address :- EPPENLECO, TELEX, LONDON. Telex No. 24326 


Erection of 
Constructional 
Steelwork 


Here is a thoroughly practical text-book covering every stage of operation in the erection 
of steelwork for buildings and bridges. Containing photographs, tables and a large 
number of the author’s own drawings, this companion volume to CONSTRUCTIONAL 
STEELWORK SHOP PRACTICE has been produced under the direction of the British 
Constructional Steelwork Association. The author is widely experienced in steelwork 
erection and in dealing with the many particular problems involved. By special arrange- 
ment with the B.C.S.A. the price has been kept down to that of its companion volume, 
in spite of the greater number of pages and the increase in printing costs. It is thus well 
within reach of students and junior site engineers, for whom it is primarily intended 


15s. net by post 16s. 1d. 




















ERECTION OF 
CONSTRUCTIONAL 
STEELWORK 


A text-book 

for students and 
junior 

site engineers 


BY THOMAS BARRON 
A.M.I.STRUCT.E., A.M.INST.W. 


from your bookseller 82” x 54” 240 pp. Illustrated 


Published by ILIFFE AND SONS LIMITED - DORSET HOUSE - STAMFORD ST. - LONDON - SE1 
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Rate: Advertisements set inJrun-on style 4d. per 
word, minimum 4/-. Semi-displayed announcements 
are charged at 22/6 per inch depth. Box Numbers: 
add 5 words, plus 1/- for registration and forwarding 
replies. ‘‘Copy"’ accepted at London Office up to 1st 
post on each Friday for the following Friday's issue- 


METAL INDUSTRY 


CLASSIFIED ADVERTISEMENTS 


109 


Trade Discounts: Details upon application to ‘Metal 
industry,’’ Dorset House, Stamford Street, London, S.E.1. 
Remittances payable to Iiliffe & Sons itd. The 
proprietors retain the right to refuse or withdraw 
“copy” at their discretion and accept no responsibility 
for matters arising from clerical or printers’ errors. 








PRESS NOTICE 
CLASSIFIED ADVERTISEMENTS 


DECEMBER 25th ISSUE CLOSING FOR PRESS 
FIRST POST WEDNESDAY, 16th DECEMBER 











APPOINTMENTS VACANT 
METALLURGICAL J ABORATORY 


ASSISTANTS 


REQUIRED. 
PPLICANTS should be familiar with all 
forms of mechanical testing, and some 
experience in micro- and macro-examination of 
ferrous and non-ferrous materials is desirable. 
(CONTRIBUTORY Staff Pension and Life 
Assurance Scheme. 
APPLICATIONS, giving full details of quali- 
fications, experience, age and salary required, 
and quoting ref. H.A.L./102/MI, should 
forwarded to:— 
THE PERSONNEL MANAGER, 


HUNTING AIRCRAFT L? 
LUTON AIRPORT, 
BEDS. {7926 





( pid -ESTABLISHED Company of Non- 

ferrous Metal Merchants seeks experienced 
man with initiative, willing to travel, to expand 
international trade. Langusges essential. Per- 
manent post; good prospects; pension scheme. 
Box 5634, c/o Metal Industry. [7903 


JPREE-LANCE Translators required by West 
End Agency—specializing in technical an 
scientific translations for industrial purposes. 
Please state languages, qualifications, experience, 
fees required (per 1,000 words of original text), 
availability Box 6255, c/o Metal Industry. 

{7936 


CAPACITY AVAILABLE 


LUMINIUM Foundries. Gravity a 
designed, manufactured and bt eae Ca 
immediate. R. E. Ormerod Lt 
Bromsgrove, Worcs. (7928 
GHEET Metal Work, Metal Spinning, Deep 
Drawn Pressings, ‘Stamping Press capacity 
200 tons. Max. draw 15”. Enquiries or speci- 
fications to Wades (Halifax) Ltd., Arden Works, 
Fenton Road, Halifax. (0019 
J ELLERING and Cam Profiling Capacity up 
to 8 ft.x6 ft., or 6 ft. diameter. 
ARMYTAGE BROS. (KNOTTINGLEY) Ltd., 
The Foundry, Knottingley, Yorkshire. Tel. 
Knottingley 2743/4. {0001 


HEAT TREATMENTS 


EAT Treatment. AID Approved, m. 
wrought and cast Light Alloys. 

a speciality. Electro Heat Treatments Ltd., ‘ball 

Lane, West Bromwich. Phone Wes 0756. [0005 


MACHINERY WANTED 
Alt types of ae Ey Machines required; 


in good condition. A. J. Williams & Co. ag 
95-99 Xdderley Road, Saltley, Bi 


REGULAR BUYERS OF 


NICKEL AND 
NICKEL ALLOYS 


STAINLESS STEEL SCRAP 
AND TURNINGS 


NICKEL STEEL BATTERIES 
CAR RADIATORS 


° 
MITCHAM SMELTERS LTD. 


Redhouse Road, CROYDON, Surrey 
Telephone: THOrnton 6101 P.B.X. 





PLANT FOR SALE 


24 IN. X 36in. Two-High Hot or Cold 

Reversing Mill by Davy & United; auto- 

matic preset screwdown gear, Power Plant Gearbox 

and 300 h.p. motor drive with power driven roller 

tables. 

24 IN. X60 in. Two-High Cold Sheet Mill by 
Krupp, with double helical pinion stand. 

21 IN. x 39 in. Two-High Mills by Taylor & 
Farley; two Hot and one Cold with 300 

h.p. gearbox drive. 

15 IN. x 36 in. Three-High Rod Mill for rods 
1g to }in. square, with 150 h.p. motor 


Re BROT — a LTD,. 
REPLANT 


ORKS, 
WOOLWICH INDUSTRIAL ESTATE, 
DON, S.E.1 
aE Woolwich "611- 6. [7934 


SERVICES OFFERED 


—{EARCHER offers:—Abstracting from _Inter- 
national Trade Literature; Screening of English 
and Foreign Patents; individual information 








JOSEPH LUCAS 


(ELECTRICAL) LIMITED 
require a 


METALLURGIST 


to be responsible for the control 
- melting of zinc and aluminium 
base alloys. He will be expected 
to participate in experimental 
work on diecasting machines and 
to carry out metallographic and 
radiographic examinations of 
castings. Higher National 
cate in metallurgy and experience 
in foundry work is desirable. 
Progressive salary. Five day week. 
S Pension Fund. 


Apply in eae —e age, qualifi- 
cations and ex ‘o the Personnel 
Manager, JO: EPH L LUCA S (ELEC- 
TRICAL Great King St., 
Birmingham 19, quoting reference 
PM/D/342. 











services, etc. Box 6253, c/o Metal Industry. 
{7935 


SCRAP METAL (SALE & WANTED) 
B J PERRY & C°: L™- 


Exchange Buildings, Birmingham, 2, 
for Phosphor Bronze Swarf and Scrap 
and all Non-Ferrous Metals. 
Tel.: Midland 5986-7. [0013 





URGENTLY REQUIRED 


ZINC BASE ALLOY SCRAP 
clean or contaminated 
TURNINGS rope me gS 


MITCHAM S™ TERS L™. 
REDHOUSE ROAD, 
MITCHAM ROAD, 

CROYDON, SURREY. [0008 





NICKEL and High Nickel Comm tu 
wanted. ‘“‘Nimonics’’, ‘““Incon -_ x Meroe 
etc, Offer for best prices to Nicholson & Rhodes 
Ltd., Princess St., Sheffield, 4. Phone 2; 27491. (0011 








MACHINERY WANTED 


ANTED—Motor driven universal overarm 
attachment to fit Cincinnati No. 2 Dial 
Milling Machine. Also Herbert 2D or 2S Capstan 
Lathe with air chuck, and a 6” Power Hac saw. 





in 
Ltd., 95-99 Adderley Road, Birmingham, 8. 
[7927 


PLANT FOR SALE 


BUTTERS | 10-ton Electric Derrick Crane with 
120 ft. jib, for hire or sale. Bogies and 
Gabbards also available 
——— od (ENGINEERS) LIMITED, 
oventry Roa eldon, Birmingham, 26. 
Phone Sheldon 2424. {7937 


TIME RECORDERS 


ACTORY Time Recorders. Rental Service. 
Phone Hop. 2239. ‘Time Recorder Supply 
and Maintenance Co. Ltd., 157-159 Borough 
High Street, S.E.1. (0014 


BOOKS 


GAs Welding and Cutting: A Practical Guide 

to the Best Techniques. By C. G. Bainbridge, 
M.1.Mech.E., M.Inst.W. A comprehensive text- 
book providing practical information on almost 
the whole range of available gas welding and 
cutting equipment, methods and processes. In- 
valuable to the practical welder as well as to 
those responsible for gas welding and cutting 
operations involved in the fabrication and repair 
of industrial equipment. Price 15s. net. By post 
16s. From all ksellcrs or from The Pub- 
lishing Dept., Dorset House, Stamford Street, 
London, S.E.1. 








ALUMIKIUM BRASS - COPPER - GUNMETA 
LEAD -- TINC - SCRAP - SWARF - RESIDUES 





SHARDAL CASTINGS LTD 


Vetal 


Buye Ts of Von Ferrous Serap 


LOWER TRINITY STREET, 


BIRMINGHAM. 
Pelephone ee (OF & " ply 











Achenbach Sohne G.m.b.H. 

Alexander Metal Co. Ltd 
Alkan Ltd., M. L. ats 
Allan & Co. (Glenpark) Ltd., ‘John ‘ 
Alloy Pressure Die Products Ltd. 
Alma Aluminium ‘ 
Aluminium Bronze Co. Ltd. 
A.M.T. (Birmingham) Ltd. 
Ancorite Ltd. 
Anglo- Swiss ‘Alum. Co. Ltd. 
Ashby, Morris, Ltd... 
Ashton Ltd., N. C. ao 
Associated Lead Manufacturers Ltd. 
Associated Pressings Ltd. 
Association of Light Alloy ‘Refiners 

and Smelters Ltd. 
Aston Chain & Hook Co. Ltd. 
Aston Tubes (Non-Ferrous) Ltd. 
Atlas Metals & Alloys Co. Ltd. 
Austin & Sons (London) Ltd., E. 
Auxiliary Rolling Machinery Ltd. 


Baird & Tatlock (London) my és 
Baldwin Instrument Co. br aie o 3 
Barnett Ltd., H. . Inside back cover 
Batchelor Robinson & Co. Ltd. 
Outside front cover 

Birkett, Billington & Newton Ltd. .. - 
Birlec-Efco ae Ltd. ea 
Birlec Ltd. a, ae 61 
Birmetals Ltd. . 83 
Birmingham Aluminium Casting (1903) 

Co. Ltd., The 66 
Birmingham Battery & Metal Co. Ltd., 

The 


B.K.L. Alloys Ltd. = f : 95 

Black & Decker Ltd. 

Blackwells Metallurgical Works Ltd. 

Bliss (England) Ltd., E. W. 

Blundell & Crompton Ltd. 

Boliden Gruvaktiebolag - 

Bolton & Sons Ltd., Thomas .. 
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Booth & Co. Ltd., J. . 

Brayshaw Furnaces Ltd. 

Bridge Foundry Co. Ltd., The 

Brightside Plating Co. Ltd. .. i 

British Aluminium Co. Ltd., The .. Inset 

British Electrical Development 
Association ‘i , ‘Sa — 

British Foundry Units ae > 24 

British Furnaces Ltd. " : -- 

British Industrial Ingot Metals Ltd. 


Inside back cover 
Brock Metal Co. Ltd., The . ‘ 54 
Bronx Engineering Co. Ltd., The . 87 
Brookes (Oldbury) Lid. 12, 13 
Brookes & Co. (Metals) Ltd., T. J. 12 
Brookside Metal Co. Ltd. 86 
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Commercial Smelting & Refining Co. 
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28, 29, 100 


t 
Cc onsolidated Zinc Corporation (Sales) 


Coulthard & Co. Ltd., William 
Cramic Aircraft Components Ltd. 
Cronite Foundry Co. Ltd. 
Cruickshank Ltd., R. . 


Dale Ltd., John 


Davidson, F., & Co. 

Delta Metal Co. Ltd., The 
Deutsch & Brenner Ltd. 
Dohm Ltd. ‘ 
Doncaster & Sons Ltd., Daniel 


Earle, Bourne & Co. Ltd. 
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Monometer Manufacturing Co. Ltd. 
Morris Ltd., B. O. 
Morris, Wm., & Son (Birmingham) 


Lrd. ue 
Mould Bros. (Camp Hiil) Ltd. 
Murcott, J. V., Ltd. 
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Teisen Furnaces Ltd. . 

Telegraph Construction & Maintenance 
Co. Ltd. P 
Thermal Syndicate Ltd. 

Threadgill Electro Deposits Ltd. 
Titanium Metal & Alloys 7a. 
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a Trading & Scrap Co. 
Wright, Bindley & Gell Ltd. i$: 
Yorkshire Engineering wares Ltd. 
Young Ltd., T. W. 











THE SPECIALIST ELECTROPLATERS 
OF SMALL WORK IN QUANTITIES 


APPROVED A.1.D. 





ALL 


FULLY 
FINISHES 





Printed in Great Britain by James Cond Ltd., Charlotte Street, Birmingham, 3. 


Published by Iliffe & Sons Ltd., Dorset House, Stamford Street, London, S.E.1. 








Metal Industry, 4 December 1959 


ACIDS - CHARCOAL: CHEMICALS 


~~ =6—6& CLEANING wa 4 
TT} §686MATERIALS§ = Re 


CHARCOAL | and 
for HENRY WILKES CHEMICALC°L™ | LUMP - 
\ 


All TRADES CHEMICAL WORKS, EYRE STREET. 


BIRMINGHAM. 


oe \ FAore  EDG. 2 HE MCHA a 


KEEP /QE>\ IN MIND ) | 
-— for & Plating 


metal Plant 
specialities 
of all 
kinds... 


CHARCOAL 





COPPER AND BRASS SHEETS AND STRIP 
finished Polished, Chrome or Nickel, Plated or Tinned 


COPPER AND BRASS TUBE (b) Easy and accurate 


including Building Service Tube and Fittings ea contro! over 
ull scale. 


CHEMICALLY ENGRAVED NAMEPLATES 
(c) Standard Units wu 
PRESSINGS AND SPINNINGS 500 amps. capacity. 


IN COPPER AND BRASS 


THE MINT, BIRMINGHAM, LIMITED 
BIRMINGHAM, 18 W SILVERCROWN LIMITED 
es 





Telephone: CENtral 2532 A parte meee ee a haem mente 


Telegrams: ‘MINT’, BIRMINGHAM oe 























H. BARNETT LTD. 


VICTOR ROAD, LONDON, N.7. 


SPECIALIZE IN 
NON-FERROUS MADE TO ANY 


SPECIFICATION 


SCRAP METALS UNDER LABORATORY BRITISH INDUSTRIAL 


SUPERVISION 
Members of the National Association of Non-Ferrous Scrap INGOT MET. ALS LTD 
Metal Merchants. Regd. Office: HICK ST., BIRMINGHAM 


Phone: Calth 1355-6 
ON AIR esvanthaee pose of Aircraft 


TEL: AR CH WAY 5 4 S I (5 LINE S) BOARD LIST Production, Light Metals Control 
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British industries will benefit from today’s 
investigations into new sources of 

gas —small coal, oil, refinery gases, methane 
drained from mines and imported liquefied gas — 
so that tomorrow’s gas will be even more 
preferred as an industrial fuel for economic 
production ..... AND TODAY —every 
industry and 12 million homes use GAS. 


ISSUED BY THE GAS COUNCIL 





